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The coal. — The development of the coal is confined to the western part of the 
field studied, mainly to the west of Middlesboro, in Claiborne Count}^, Tenn. In 
that part of the field exploration has shown thirteen coals of workable thickness and 
quality. Of these, eight coal beds at present are commercially mined. These vary 
in thickness from 4 to feet. Nearly all of these beds have one or more partings. 
The coal of the eastern part of the field has been little tested, and knowledge of it is 
derived largely from natural exposures, a few small country banks, and a small 
number of facings. In the eastern part of the field, around Harlan, one coal with a 
thickness of about 4 feet has l>een shown to have an area of probably 100 square 
miles. Above this are usually from one to three other coals, which are looalh' 
workable, and may be worked over a large area in that part of the district. Between 
the Harlan district and the Middlesboro district from one to three workable coals 
underlie most of the area. The Harlan coal as a rule is not as badly split up with 
partings as the coals above Middlesboro. In quality these coals compare well with 
the Westmoreland gas coals of Pennsylvania. Some of the coals at Middlesboro are 
successfully coked, and doubtless most of the coals of this area are of the same 
character. In percentage of moisture, ash, and sulphur these coals show a purity 
equal to probably the best of the Appalachian coals. 

Exploitation and devdopment, — Development in this region has been going on 
since about 1892, as previous to that time there were no railroad connections. Now 
the field is connected with Louisville and Cincinnati by the Cumberland Valley 
Branch of the Louisville and Nashville, and with Knoxville by the Southern Railwaj\ 
The output has grown until it reaches from 600,000 to 1,000,000 tons a year. Its 
nearness to the iron-ore beds of Virginia and Tennessee has led to the establishment 
of a blast furnace at Middlesboro; and as a result of the cheapness of fuel and the 
presence of the raw material other industries have rapidly sprung up. The larger 
portion of this field is as yet without railroad connections, but present indications 
are that the Southern may soon build a branch road up the Cuml>erland River to 
Harlan, allowing the development of the eastern part of the field, while milroads 
now building will open up the portion of the field in Campbell County, Tenn., in 
1905 or immediatelj^ thereafter. 



GEOLOGY AND MI?^ERAL RESOURCES OF A PART OF THE 
CUMBERLAND GAP COAL FIELD. KENTUCKY. 



By G. H. Ashley and L.. C. Glenn. 



INTRODUCTION. 

LOCATION OF FIELD. 

The Cumberland Gap coal Held lies in Bell and Harlan counties, in the 
southeast comer of Kentucky and in Claiborne and Campbell counties, Tenn., 
and extends in a general northeast-southwest direction between Pine and 
Cumberland mountains from Fork Mountain on the southwest to the heads of 
Poor and Clover forks of Cumberland River on the northeast. As defined in 
this paper, it has a total length of about 90 miles and a width of from 15 to 20 
miles. (See PI. JI.) 

In this paper is described only the central part of the basin, or the area 
lying between Log Mountains at the head of Yellow Creek of Cumberland and 
a nearly north-south line about 10 miles east of Harlan, and while the data 
presented will give an idea of the general stratigraphy and structure of the 
whole field, they are not authoritative except within these limits. 

FIELD WORK. 

Field work for this report began July 1, 1902, and continued until September 
20, 1902. The field party consisted of G. H. Ashley and L. C. Glenn, geologists; 
H. Nowell, topographic aid; G. C. Marsh, photographer; and, during August, 
T. W. Sprague, who took charge of the coal sampling. The geologic work was 
planned so that Mr. Glenn gave especial attention to the stratigraphic and areal 
geology, while Mr. Ashley obtained most of the data about the coals. It was 
intended at that tinje that Mr. Glenn should write the sections on stratigraphy, 
structure, and correlations, while Mr. Ashley wrote the sections on the general 
description, topography, general geology, and coal resources. After a small 
amount of preliminary work on the notes had been done by Messrs. Glenn and 
Ashley a change in plans made it necessary for the latter to prepare the whole 
report. The field work showed the inadequacy of the old reconnaissance 
topographic map which had served as a base for the geologic work, and it was 
decided to prepare new topographic maps of those quadrangles included in the 

11 



12 CUMBERLAND GAP COAL FIELD, KENTUCKY. 

portion of the basin ^tudie(l by the f^eologists, to be on the scale of 1 inch to the 
mile and to have 2(K*foot contours. A large party was plac*ed in the field, and 
an attempt was made to run at least stadia lines up all streams over half a mile 
long and along all the principal crests, making the work of unusually high grade 
for this type of country. 

The topographic work was in charge of Nathaniel Tyler, jr., who was assisted by 
R. W. Berry, Will Ward Duffield, and C. E. Pearce. The ruggedness and densely 
wooded condition of the area rendered the work slower than had been anticipated, so 
that the allotment was exhausted before the portions of the quadrangles outside of 
the basin could be completed, or even all of the area in the basin that was studied 
geologically. Some work was done on the portion of the basin in the Log Mountain 
quadrangle west of the' Middlesboro quadrangle, but not enough to make possible 
the preparation of a satisfactory topographic map. Accordingly, the data obtained 
by Mr. Nowell in liH)2 and very valuable maps kindly furnished by the Liouisville 
Property Company and the American Association Incorporated have been combined 
with the data obtained in 11)03 to make the sketch map of the Log Mountains districts 

In a region as heavily timbered as this the topographic sketching must, to a 
large degree, be approximate only; so that a comparison of the locations and eleva 
tions of the coal outcrops on the maps, with the statements concerning the same in 
the text will be found in a few cases to show a disagreement. This is most noticeable 
where the locations and elevations of the coals have been determined instrumentally, 
either by stadia or transit, since the drawing of the map. In cases of such 
disagreement a compromise has often been necessary in showing the location of a 
coal on the map, though usually the attempt was made to show its horizontal }X)sition 
rather than its position relative to the surface contours, as it is l^elieved that such 
procedure would best meet the needs of the engineer in the field. 

In September, 1903, Mr. David White spent about ten days in this basin and 
collected fossils which not only formed the basis of most of the correlations in the 
chapter on that subject, but in several cases assisted materially in correlating or 
differentiating coals at different points in the basin. During the topogmphic work 
in 1903, Mr. Sprague obtained samples at a number of additional openings and at a 
number of jwints omitted the preceding year. In some cases he had old openings 
reopened. For a month from September 20, 1903, Mr. Ashley, accompanied by Mr. 
Spmgue, made a rapid reconnaissance trip over the basin, getting additional data 
and attempting to loaite the lines of traverse run in the season of 1902. To have 
done this fully would have meant almost an entire retracing of the first year's work, 
for which there was not time. 

While man}' favors were shown in all parts of the field, special acknowledgment 
is due to Mr. Robert Creech, who at different times spent sevenil days piloting the 
writer to facings being made under his direction, and to other points where valuable 
coal data were obtained; to Mr. T. Cairns, of the I^uisville Property Company, 
who supplied maps and sections of the land and coals on the Ix>uisville Property 
Company's lands; to Mr. J. H. Bartlett and Mr. J. C. Richardson of the American 
Association Incorpomted. for similar data concerning their lands, and to Mr. Charles 
Henry Davis, trustee of the Davis estate, who placed in our hands all of the large 
mass of information they possessed concerning the area of that estate. Thanks 
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14 GUMBEBLAND GAP COAL FIELD, KENTUCKY. 

Rei'ort of Mb. G. D. Fitzhugu to the same comi»ani'. 

In addition to coals examined by the geologists of the party, and those described 
in the above reports, many coals were seen by the topographers in 1903, or by 
the men)bei*s of the party who visited selected openings and obtained properly 
averaged samples for analyses. On account of differences in barometric readings and 
lack of full reports on the rocks immediately above and below, it was often difficult 
to assign such coals to their proper stratigraphic horizons. 

GEOGRAPHY. 

GENERAI. PHYSIOGRAPHY. 

PHYSIOGRAPHIC RELATION. 

In order to understand the physiography of the Cumberland Gap area, it is 
necessary to consider briefly and in a broad way the physiography of the general 
region of which it is a part. The highland of the eastern United States Iji^R 
between the Atlantic Coastal Plain and the lowlands of the Mississippi Valley, 
known as the Appalachian province, may be subdivided into three well-marked 
physiographic divisions. On the east are the Appalachian Mountains, extending 
in irregular ranges from southern New York to central Alabama. West of these 
is the Appalachian Valle3\ It is 40 to 125 miles wide and is somewhat lower 
than the mountainous region on either aide. It extends from the Coosa Valley, 
in Georgia and Alabama, to the Lebanon Valley, in northeastern Pennsylvania. 
Near Middlesboro it is known as the Great Valley of East Tennessee and Virginia. 
The third or western division, which includes the Middlesboro coal field, is a 
high upland which on the east is bordered by a regular and marked escarpment 
facing the Great Valley and on the west often merges into the lowlands through a 
belt of foothills. Tliis division includes the Cumberland Plateau at the south and 
the Allegheny Mountains at the north. (See fig. 1.) 

FACTORS CONTROLLING PHYSIOGRAPHY. 

The factors controlling the physiogniphy of this province are varying 
hardness of the rocks, the arched structure, and a series of broad earth 
movements. 

The different physiographic divisions are composed of rocks of various 
degrees of hardness. The Appalachian Mountains contain hard rocks resisting 
weathering, while the Great Valley is underlain by many limestones which yield 
readily to erosion. The Allegheny Mountains and Cumberland Plateau consist 
mainly of the sandstones and accompanying shales of the Pennsylvanian series, 
the first of which yield but slowly to erosion. 

Thcr Appalachian province represents the northwestern limb of a high arch 
into which the rocks of the eastern Unitt*d SUites were thrown b}'^ mountain- 
making forces. In the center of this arch the rocks are closel}" folded and 
faulted, but toward the west the folds and faults become less intense, and almost 
the ast of them are seen in Cuml>erland and Pine mountains. This arch and the 
minor folding has determined the position and elevation of the rocks, and thus 
their exix)sure to erosion. 
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A third factor has been the series of broad earth movements by which the 
province was elevated at different times after it had been planed down by erosion 
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to a more or less even surface, or peneplain. Three such levels of erosion have 
been recognized by Hayes and Camp})ell in the southern Appalachians. Of these 
only the oldest and highest is represented in the Cumberland Gap coal field 
41— No. 49—06 2 



16 CUMBERLAND GAP COAL FIELD, KENTCCKY. 

This peneplain, of which the Cumberland Plateau of Tennessee is a remnant, 
is thought to have been of late Cretaceous age. It was first called the Sc*hooley 
peneplain, from Schooley Mountain, New Jersey, and in Tennessee and Kentucky 
it has been termed the Cumberland peneplain. Below it another erosion level 
has been developed, which Mr. Campbell, in the Ix)ndon folio, called the Lexington 
peneplain. 

North of Pine Mountain all the hilltops lie in the same plane and thus in 
a limited area rise to alx>ut the same elevation. Forty miles north of Pine 
Mountain they are alx)ut 1,500 feet alx)ve tide: to the south the elevation 
gradually incr(*ases until just north of Pine Mountain the divides have an altitude 
of over 2,400 feet. The plane of the hilltops passes just above Pine Mountain, but 
apparently not alK)ve the Black Mountains. (See fig. 2.) Evidently, then, the tops 
of the Black Mountain ridges and part at least of Cumberland Mountain remained 
above the Cumberland peneplain as unreduced residuals. No physiogi-aphic traces 
of the Cumberland peneplain were detected in the Black Mountains. 

From any point in the Log Mountains or Black Mountains 100 feet above 
the summit of Pine Mountain, where an extensive view northward can be 
obtained, the line of the horizon is seen to be nearly as level as a plain; Pine 
Mountain, though now eroded until it has a sharp sawtooth crest, is quite level 
in general elevation. In the center of the Cuml>erland Gap basijn the mountain 
tops show no signs of having been reduced to a peneplain, nor do they show 
benches or other evidence of pai*tial reduction, such as might be expected. 

Figs. 1 and 2 are cross sections from northwest to southeast through the 
Appalachian province, showing the three topographic divisions and the positions 
of the two peneplains. 

ALTITUDE OF THE APPALACHIAN PROVINCE. 

The southern Appalachian province has an altitude of about 500 feet at its« 
borders and rises in an elongated dome culminating in the crest of the Appala- 
chian Mountains, which have a maximum elevation of over H,000 feet in western 
North Carolina. The plateau division is 500 feet above sea at its southern edge 
and rises to over 2,500 feet in the Cumberland Gap area. 

DRAINAGE OF THE APPALACHIAN PROVINCE. 

In the northern part of the province the drainage is almost entirely to • the 
Atlantic; farther south it is westward to the Ohio by the New or Kanawha 
River, which flows through the Cumberland Plateau. Still farther south the 
drainage of the eastern side of the Appalachian Mountains is eastward to the 
Atlantic. A part of the Cumberland Plateau is drained by the Cumberland, 
Kentucky, and other rivers, which flow into the Ohio. The Great Valle^'^ for 
some distance south of New River is drained southward by the Tennessee River, 
which leaves the valley at Chattanooga and cuts its way through the plateau 
northwestward to the Ohio. The southern end of the Great Valley is drained 
southward by the Coosa River, which flows into the (iulf of Mexico. 
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ORIGIN OF DRAINAGE.^ 

There is room here for only the barest mention of this subject, which is of 
special interest because of its relation to the origin of the water gap at Pineville 
and other features in the Cumberland Gap area. Whatever the original direction 
of the drainage that developed after the great uplift of the Appalachian 
province, it seems probable that before the end of the long period of erosion 
resulting in the Cumberland peneplain the central part of the Appalachian 
province was drained northwestward toward the Ohio Valley. It has been 
thought that New River and many of the eastern tributaries of the Tennessee 
are parts of the old drainage system that have persisted. It has been suggested 
that a stream, of which the French Broad River of western North Carolina ma}'^ 
have been one of the head tributaries, rose in the eastern Appalachian Mountains 
and flowed northwestward toward the Ohio, crossing the eastern part of what is 
now the Cumberland Plateau in the vicinity of Pineville. After the uplift of 
this province this northwestward drainage persisted for a time and the streams 
cut their channels through the hard beds of sandstone which ran transverse to 
their courses. At the time of that uplift the land sloped as a more or less 
irregular plain from the western face of the Appalachian Mountains toward the 
Ohio Valley. The Appalachian Valley and the smaller valleys, such as the 
Cumberland Valley above Pineville had not been eroded. In this way a notch 
was cut in the sandstones of Pine Mountain, and probably another one across the 
Cumberland Mountains, possibly at Cumberland Gap. These notches were first 
parts of the continuous river channel. That a main line of dminage crossed here 
for some time is strongly suggested ])y the fact that from Cumberland Gap to 
Pineville the mountains for several miles on either side of this line have been 
reduced to elevations of about 2,000 feet or less above tide— that is, 500 feet or 
more below the level of the peneplain. A similar reduction occurs north of 
Pine Mountain. As the uplift seems to have been less at the southern end and 
along the northwest side of the province, the streams flowing southward into the 
Gulf of Mexico were brought into competition for the drainage west of the 
Appalachian Mountains with the northwestward-flowing streams already in posses- 
sion. The Gulf streams had two advantages over the others, (I) shorter courses,^ 
which gave them steeper gradient and greater eroding power, and (2) the fact 
that the}' could work back along the outcrops of the easily eroded limestones 
without being retarded by having to cut through hard sandstones. The result 
was that the Coosa gradually eroded its channel through the belt of limestones, 
cutting out what is now the Great Valle}- and beheading the northwestward- 
flowing streams one after another until the dminage of all the western flank 
of the Appalachian Mountains nearly or quite to the New River had been 
turned to the Gulf of Mexico direct. Later land movements below Chattanooga 
raised a barrier across the course of this southward drainage and ponded the 

oThe discussion of certain features of the relief of this basin is made more complete than is usually the case 
in an economic paper. This is because it is now uncert*iin when the topographic surveys will be completed so a-s to 
allow the preparation and publication of the geologic folios. The matter could not well be presented in separate form 
or In the geological journals without considerable expense in republication of the maps. 
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upper waters. This gave one of the old westward-flowing streams time to cut 
down its channel across the plateau and to tap the drainage waters of the Great 
Valley and to divert them to the Mississippi or to the Ohio. In so doing the 
diverting stream may have regained most of its old head streums as well as all 
the drainage captured by the stream that had flowed to the Gulf. The two 
became the Tennessee River of to-day. Meanwhile the pre-Cumberland River, 
below where it crossed the Cumberland Mountain, continued to deepen its chan- 
nel into the raised surface of the plateau, though its energy was less because it 
had lost its headwaters. Gradually its transverse tributaries cut long northeast- 
southwest valleys in the more easily credible shales, and, being able to more than 
keep pace with the main stream in its slow cutting across the hard conglomerate 
at Pineville, widened their valleys and finally a side tributary from the northeast 
became the trunk stream. This stream runs in a comparatively broad, flat valley, 
while the modified river is still slowly lowering its channel through the conglom- 
erate which forms the long sharp ridge of Pine Mountain. 

TX)CAT. PHYSIOGRAPHY. 

SUMMIT TOPOGRAPHY. 

The Cumberland Gap coal field lies entirely in the Cumberland Plateau, 
being bordered on the east by the escarpment, which limits the plateau in that 
direction. On the northwest it is also bounded by a topographic feature of as 
great or greater regularity, the long straight ridge known as Pine Mountain. 
This ridge was formed by the upturning of the massive basal sandstone in con- 
nection with Pine Mountain fault. Pine Mountain seems to have teen nearly 
or quite reduced to the level of the Cumberland peneplain. Parts of Cumber- 
land Mountain also seem to have been reduced to the level of the peneplain, while 
other parts, as the "Butts of the White Rocks,-' where the summit reaches an 
elevation of over 3,4:<X> feet, probably escap<^d reduction. All the higher parts of 
Black Mountains seem to have remained unreduced. 

Erosion has worn down the tops of the Black Mountains until they have usually 
only narrow, irregular crests, some hard sandstone sometimes tending to produce a 
certain uniformity in the higher parts of a ridge for a short distance. The cross 
profiles of these crests are in the main those common to areas of horizontal rocks in 
which the drainage is thoroughly adjiLsted — that is, the crests are of such a shape 
that the streams flowing in either direction have ec^ual c^rosive power, and therefore 
tend simply to lower them rather than to push them one wa}' or the other. Notable 
exceptions are those ridges, as Pine and Cumberland mountains, which are due to 
the upturning of the hard sandstone. In the Cumberland Mountain the streams on 
the escarpment face have a great advantage and the crest is gradually being 
moved toward the northwest. It is quite possible that the divides at some of the 
low giips are shifting in such a way that future stream adjustments will occur. 
For instance, it seems probable that Brownies Creek will ultimately tap Martins 
Fork and divert \ts headwaters. Still more remotely it seems possible that 
Falling Water Creek, which flows through Falling Water Gap, may cut down 
the divide and tap the headwaters of both Martins Fork of Cumberland and 
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called here to the fact that between Cumberland Gap and Chad well Grap the 
Cumberland scarp lies well to the northwest of its line of general trend. Along 
this stretch the longitudinal valleys at the north foot of the mountain are also 
thrown well to the north. As shown in the section on structure, this position of 
the mountain is associated with the differential yielding to the southeast-northwest 
stresses that produced the Cumberland Gap fault, probably the Rocky Face fault, 
and the close folding around Middlesboro. 

VALLEY TOPOGRAPHY. 

. With some exceptions to be noted later, the topography of the valleys of the 
Cumberland Gap region is uniformly of two types — one found east and the other 
west of a line from Pineville to Cumberland Ghip. The drainage of the area 
mapped leaves this bitsin at the gap at Pineville, where the stream has cut through 
the resistant sandstones and conglomerates forming Pine Mountain; above Pineville 
the valleys are mainly cut through shales or comparatively thin sandstones. As a 
result the streams of the main valleys east of the gap at Pineville are able not only 
to grade their channels down to where vertical cutting became nominal, but also to 
erode side wise so as to widen their valleys or to build up flood plains of often con- 
siderable extent. Above the level of this gradient, the streams and their tributaries 
are actively cutting down their channels and the valleys as a rule are narrowly 
V-shaped. The accompanying tigures showing profile and cross sections of one of 
the streams will give a good idea of this type. These streams are poorly adapted 
to the purpose of supplying water power, most of the fall coming immediately 
at the head where the volume is small. Two exceptions to this type of valley 
are the headwaters of Martins and Shillaly forks. Both of these rise on Cum- 
berland Mountain where its summit is composed of nearly horizontal .beds, and 
flow for some distance parallel to its crest. Shillaly Fork has only partly 
trenched into the sandstones of the summit of the mountain, when, having gained 
some volume, it turns and escapes through a gap along a fault to the valley of 
Clear Fork of Yellow Creek, descending through the gap in a comparatively 
short distance over 1,000 feet. The fall of Martins Fork is more regular and is 
distributed over several miles. 

West of Middlesboro, with exception of the broad plain about the city, the 
streams have little or no bottom land. They fall rapidl}- in their lower courses, 
and in their upper courses often have not a nmch steeper gradient than in the 
lower ones. This is shown in the accompanying profile and cross sections (figs, 
8 to 5). For the sake of the comparison the two profiles from the two dis- 
tricts have been placed together. The valley type found east of Middlesboro 
tends to render the lower coals accessible over a longer line and makes approach 
by rail easy, but cuts out no small area of those coals. The type found west 
of Middlesboro tends to preserve larger bodies of the lower coals, but leaves a 
larger portion of them below the immediate drainage and renders approach to 
any of the coals by milroad diflicult on account of the high grades and narrow 
valley bottoms. 

The amount of the fall of Cumberland River from Harlan to Pineville makes 
it evident that Pine Mountain is not the only check to the downcutting of the 
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A. GRADATION OF CUMBERLAND RIVER. 

Rocky Riffift, about 3 miies above the mouth of Hance Creek, where river flows ovtr outcrop of hard sandstone. There may be a fall of several feet in i 
quarter of a mile at such a place, and above will usually come a graded stretcri with a broad valUy. 




n. PHYSIOGRAPHY OF UPPER WALLINS CREEK VALLEY. 

View down Wallins Creek from ju&t above the nriouth of Long Branch, which shows the beginning of the bottom lands and about the highest point to 

which a road or a switch can be built without heavy grades. 
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river. Thus from the mouth of YeUow Creek down to Pine Mountain the gradient 
is less than 3 feet to the mile; l>etween Yellow and Puckett creeks it is from 
5 to 7 feet to the mile; for several miles from a little below Puckett Creek it is 
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Fig. 3.— Profiles of Wallina Creek and Stony Pork of Yellow Creek. 

a^in about 3 feet to the mile; from near Savior Creek to Harlan it varies from 
4 to 10 feet to the mile. Between Harlan and Cawood the fall of Martins Fork 
runs from 4 to 15 feet per mile; between Cawood and Smith post-office, on the 
other hand, it is reduced to from 4 to 5 feet to the mile, being only 40 feet in 9 
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Fig. 4.— StereoRTam of Walllns Creek Valley. 

miles. Between Smith post-office and the mouth of Bull Branch the descent ranges 
from 20 to over 60 feet to the mile. Above Bull Branch the grade increases, 
seldom being less than 80 feet to the mile, and toward the head becoming over 
200 feet to the mile. PL III, A^ shows one type of river gradation — a succession 
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Fig. 6.— Stereogram of Stony Fork Valley. 



of rocky riffles. As a whole the river can not be said to be graded; that is, to 
have acquired such a slope that its transporting and eroding powers are equal. 
In its long reaches, however, it has come to grade, as is evidenced by such 
broad bottoms or flood plains as are shown by the map. At no place was the 
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river observed flowing over a ledge of rock. PI. Ill, ^1, gives a near view of a 
rifile at low water composed, as shown, of large to small masses of rock. In some 
cases such rifiles are evidently produced by the fall of rock from cliffs along the 
bank; at other points as here they would seem to result from the outcropping 
of a hard sandstone under the river bed. In some cases the existence of such 
riflles has been taken as evidence of the presence of an unseen rock sill at or 
just above that point. In places the valley is broad and open, as near 8aylor 
Spur; in other places there is little or no flat bottom land (PI. Ill, ^1), the latter 
plax^es usually coinciding with points where one of the massive sandstones outcrops 
just at drainage level. 

Wallins Creek and its tributaries are typical of the side valleys of the Black 
Mountains (Pis. Ill, /y, and IV, ^1). The main creek as well as its tributaries 
head in amphitheater-like valleys, which are sha^x^d like an inverted half cone 
with an angle of slope of about 45-^. Stalling from the narrow crest, the valleys 
descend often 500 feet in the same horizontal distance, sometimes less. The little 
streams cut but a few feet into the slope. In the second 500 feet the streams 
fall almost as steeply as before, but the general slope, as determined by the 
interstream divides, becomes much less steep, until by the joining of the many 
bmnches of the head the dividing ridges are cut off rather shai-pl}'. In the next 
500 feet fall the slope becomes much less steep, averaging about I foot vertical 
fall fof every 4 feet horizontal advance. At the l)eginning of the next 5(X) feet 
fall the descent becomes as shown in the foreground in PI. Ill, B. The grade 
is still high, })ut is low enough to allow the deposition of some of the coarsest 
material brought down from above and the formation of flood plains of limited 
extent. Lumber roads can ejtsily be built up to this ix)int, and railroad switches 
can reach up to this level on the main creek without switchbacks, though not 
up the side bmnches. Starting at an elevation 3,1(M) or 3,200 feet above tide 
on Wallins Creek, the. fourth 500-foot stretch will reju^h the region shown on 
PI. IV, .1. In the last 500 feet the fall decreases from over 200 to al)out 
30 feet to the mile. The stream builds broad Hood plains composed in the main 
of coarse gravel with a filling and cover of fine sediments. The lower courses of 
such a creek are graded, notwithstanding the steepness of the slope, for the side 
benches enter them with high grade (I to 3 or 1 to 2 at the lowest), and thus 
keep them well supplied with coarse njaterial, so that erosion is mainly lateral 
and much of the work of the stream is expended in distributing the material 
carried into it by the steep side branches. These side valleys, as already indicate<l, 
usually have no flood-plain deposits or level bottom lands, but are sharply 
V-shaped. In the case of Wallins, Puckett, Forrester, and siualler streams flowing 
into Cumberland Kiver, the breadth and low grade of the main valley are prob- 
ably due to the fact that for long distances the streams are cut out of the Hance 
shale, the structure })eing such as to allow the stream to follow the dip. 

In the region west of Middlesboro the streams run tninsverse to the dip or 
along the strike in a genenil way. They therefore erode in a shale bed but a 
shoit distance ]>efore they cut down to an underlying sandstone the structure 
keeps the thicker shales at such a low elevation that in the case of Bennett Fork 
and Stony Fork the shales are only reached a short distance above the junction 
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A. PHYSIOGRAPHY OF LOWER WALLINS CREEK VALLEY. 

The valley here is wide and fertile. The Cumberland Valley, with Pine Mountain rising behind, shows in the distance. In the lower ngnt-hand corner is 

seen the outcrop ^here thin) of the Cawood sandstone. 




B. CHARACTERISTIC BLUFF OUTCROP OF HANCE SHALE. 

Crummies Creek opposite the mouth of Little Creek. Puckett Creek coal exposed at the foot of the bluff. Almost all of the lower courses of the 

streams are cut in these shales. 
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of the two forks. The result has been to produce valleys with fairly uniform 
grade from head to mouth. Thus, Bennett Fork descends 500 feet from the gap 
at the head in a distance of 1 mile instead of one-tenth of a mile, as in the case of 
Wallins Creek, while a short distance above the mouth Bennett Fork has a 
fall of from 100 to 120 feet to the mile, as contrasted with 30 feet to the mile 
in the case of Wallins Creek. As might be expected, the amount of bottom land 
on those forks is very limited, and the valleys are still shaiply V-shaped. This 
shape of valley means that proportionately less of the coal has been removed 
than in the case of the hills cut by valleys of the type of Wallins Creek, but on 
the other hand the low grade of the latter streams allows read^^ access to the 
coal by railroad branches. A comparison of the two types can best be seen in a 
graphic representation of their profiles as is given in tig. 3, p. 21. 

THE MIDDLESBORO PLAIN. 

V 

The topography of the basin around Middlesboro is unlike that in any other 
part. The salient features of the surface there are an open basin, a broad, nearly 
level plain, and a series of low hills. 

The basin is approximately circular, being about 4 miles long from east to 
west and about 3i miles w ide from north to south, and on the l,3()0-foot contour has 
an area of about 10 or 12 square miles. Perhaps the next nearest approach to such 
a basin in this region is the open valle}' at *^Skidmore\s bottom" on Martins Fork 
above Harlan. This, however, has an area of probably less than one-half square 
mile, or less than one-twentieth of the area of the Middlesl)oro basin. This basin 
at Middlesboro is surrounded on every side by mountains that rise from 
1,000 to 2,000 feet above its level. About one-half the basin is occupied 
by a broad, irregular, nearly level plain. Across this plain Yellow and Little 
Yellow creeks meander sluggishly, though ' through the town of Middlesboro 
Yellow Creek is contined to a straight, planked, artiticial, lined channel. 

Low hills surround or rise from this plain, and an examination of the map 
shows that there is here a basin within a basin. These hills appear to be rem- 
nants of a higher base-level. They are sublevel on top, rise abruptly from the 
plain, and in most cases are nearly or quite surrounded by it. The Belt Rail- 
road on the south and the road which follows the old Belt Railroad grade on the 
north bareh^ rise above an elevation of 1,160 feet, but inclose a majority of the 
hills mentioned, although their summits nearly all rise above 1,200 feet and in 
one case over l,3oOfeet. In the area within the line or grade of the Belt Rail- 
road about forty points reach an elevation of 1,200 feet, while about twelve 
points have an altitude of 1,220 feet and only two points reach an elevation of 
1,240 feet. The constancy with which these hills rise to about 1,200 feet above 
tide suggests ver}' strongly that a local and temporary base-level existed at about 
that altitude. This may be called the Arthur Heights peneplain, from the name 
given to the sunimits of these hills just north of the business part of Middlesboro. 
Outside of the line of the Belt Railroad other points rise to 1,200 feet, but 
toward the north th(» tendency is for the hills to rise to from 1,220 to 1,260 
feet. In general the hills north of the latitude of Middlesboro are a little higher 
than those south of that line. The hills on the south barely reach the 1,200-foot 
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valley floor. That the difference between the former lower erosion level and the 
present drainage level is considerable is strongly suggested by the topographic 
features just described. While the town gets its water supply from Fern Lake, 
several wells have been sunk for the supply of commercial establishments. No 
accurate records or data could be obtained at any of these, but reports on good 
authority are that in at least one case a well 175 feet deep did not reach the 
bottom of the silt deposit. 

It is said that water is found all over the flat land at a depth of about 4 feet, 
many of the wells being from 14 to 18 feet in depth. Mr. David G. Colson was 
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Fig. 7. — Sections slowing theoretical and idealized Htages in the formation of Middlesboro Plain. 

able to force a pipe v ith a well point on it down 33 feet, where sand was struck, 
yielding an abundance of fine, cold water. Mr. W. H. Gildersleeve furnishes the 
following data in regard to the well at the tannery: 

''As near as I can find the well was put down 940 feet. Through the first 
400 to 600 feet great difficulty was experienced by the sides caving in. This, I 
believe, was caused b}' striking beds of quicksand between layers of (ilay and 
soft shale or slate. After passing 500 to 600 feet sandstone was struck, varying 
in hardness, and at times pure white. I am told also that two or three beds of 
coal were struck, but I could not learn at what depth. I believe that drilling 
was stopped in a porous sandstone at the above-mentioned depth." 

It is now impossible to say how much of the caving through the first 400 to 
600 feet was due to the presence of alluvial unconsolidated rock and how much 
to the presence of shales, which being crushed and broken and folded to high 
angles would be apt to cave. 
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On the whole it seems safe to assume that there has been filling here to a 
depth of at least 30 or 40 feet; and, judging from the topogra;:>hy and of reports 
of first wells drilled, of possibly 150 feet or more. 

Five questions are raised in attempting to account for the toi)ographic features 
around Middles})oro: 

(1) What conditions allowed the cutting out of the broad liasini^ 

(2) Did the cutting of the upper gradation plain precede or follow the cutting 
of the lowest drainage lines? 

(8) What barrier prevented the downcutting of the })asin }>elow the upper 
gmdation plain at that stage in the historv of the l>asin? 

(4) What conditions caused the erosion of the valley below the present level i 

(5) What later change determined the level of outflow so that the waters 
were ponded and the basin filled to its present IcveH 

In regard to the conditions that allowed the cutting out of the broad basins, 
the rocks in this basin are predominatingly shales, which are folded, faulted, and 
crushed, and which, it is believed, are weak enough to allow the erosion of part 
or all of a basin such as this. Local subsidence, as described l)eyond, may have 
been in part responsible. 

With respect to the relative ages of the upper gradation plain and the lowest 
drainage lines, the series of event.s may have been in accordance with one of two 
hypotheses. According to the first hypothesis, the sequence would have been as 
follows: ((/) Erosion to lowest level; (h) elevation of outlet, Arthur Heights plain; 
(c) lowering of outlet to present level. According to the second hypothesis, the 
development would have been thus: (a) Erosion down to upper gradation or Arthur 
Heights plain; (/y) lowering of outlet to allow lowest erosion; (c) elevation of out- 
let to present position. It would seem highl}' probable that if the deepest erosion 
level had l)een cut before the upper gradation plain was formed, benches of sih 
or gravel in sheltered positions should be found flanking the slopes between the 
preM»nt and higher plain levels. No such benches were seen, though it can not 
be asserted that they do not exist. Traces of gravel were found at a few points 
a little al>ove the level of the present or lower plain. Considering the complete- 
ness of degradation to the level of the upper plain the lack of benches seems to 
indicate that the erosion to the upper plain preceded the downcutting to the 
lowest erosion level. Howev^er, the answer to the third question so closely 
conn<»cts the upiK»r and present gradation plains as to incline the writer to the 
Ix'lief that the upper plain was formed after the cutting of the rock floor under 
th<* present plain. 

If the Arthur Heights plain stage were only a pause in the original downcutting 
of the valh'y, the barrier that prevented the downcutting of the basin below the 
ijpji<*r gradation plain ma}' have consisted of a hard layer of rock, which either 
wa"* tinally cnxM through or prevented erosion below it until a tributary of some 
oilier ^tr^'sini tapfx**! this drainage and rapidly degraded the surface to a lower level, 
if the onl<M' of fA'cutn given was in accordance with the first h^^pothesis, the same 
explanation may U* given for the reduction of the local drainage level from the 
Arthur J 1< ight- plain to the lower present plain. In that case it is possible that 
Y<-llow (Jre'jk may have originally flowed through the low gap just east of 
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Moore Knob, now tunneled hy the railroad. This gap has at present an eleva- 
tion of about 1,170 feet. A fork of Williams Creek may have tapped it at the 
present mouth of Cannon Creek. The Yellow Creek road between the mouth of 
Clear Fork and Turnhole Branch leaves the lower valley and crosses an old col, 
containing alluvial sediment-'. A mile above its mouth Clear Fork is separated 
from Yellow Creek by a low, narrow divide that will be cut through in a 
comparativel}^ short time. As the channel of Clear Fork is at least 20 feet lower 
than that of Yellow Creek, on the opposite side of the divide and but a few rods 
away, it is evident that when Yellow Creek cuts through the divide there will be 
formed a waterfall or rapid that will more or less rapidly move up the creek toward 
Middlesboro. Though this undercutting of the old level will constantly decrease, its 
influence would certainly extend to Middlesboro, and the present plain there would 
be partly destroyed and a new one begun at a slightly lower level. 

Another result of the cutting through of the narrow divide would be that the 
present channel of Y'ellow Creek between the narrow divide and the mouth of Clear 
Fork would be left as a col more or less similar to that now ti-aversed by the 
road between the mouth of Clear Fork and Turnhole Bmnch. In view of this 
comparison it seems highly probable that Y'ellow Creek at a comparatively recent 
date mn through the old col mentioned. At the same time Clear Fork and Cranes 
Creek were cutting a channel a little to the east of this and at a somewhat lower 
level, due to the fact that the}^ were cutting in shale while the floor of the 
channel where the col is now is hard sandstone. As a result of the eastward dip 
of the rocks on the upthrown side of the Rocky Face fault the channel of 
Yellow Creek had a tendency to erode down the slope toward the east until it cut 
through the divide and emptied into the valley of Clear Fork. The result of this 
was the destruction of the Arthur Heights plain then existing at Middlesboro, 
and the starting of what tinally became the present plain. The present channel 
of Yellow Creek near the col is about 70 feet below the floor of the col, and there 
is almost the same difference between the upper i)lanation level at Middlesboro 
and the present plain. This seems to account for the two planation levels at 
Middlesboro so satisfactorily, and to connect those levels together so closely, that 
the writer is led to accept the Hrst hypothesis given above and to conclude that 
the low-level erosion preceded the formation of the upper level and that the 
upper and present levels represent two stages in the general reduction of this 
basin after the period of uplift of the outlet level. 

It still remains to determine the conditions that caused the low-level erosion 
and those that afterwards stopped that erosion, ponded the waters, and allowed 
the basin to be HI led with silt to the present 1,200-foot level or above. The 
grade of the present channel of Yellow Creek below Middlesboro changes decidedly 
at the south end of Rock}^ Face Mountain, being eight times as steep below as 
al)Ove that point. Above that point the grade is only a trifle over 2 feet to the 
mile, and the stream is sluggish and meanders where the valley is wide enough. 
That it has not widened its valley more between Excelsior and Rocky Face 
Mountain is evidence of the youth of that part of the valley. It would seem 
evident that at present and probal)!}' for some time in the past the level of the 
upper valley of Y'ellow Creek has been determined hy the hard sandstones upturned 
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A BENCH OF CAWOOD SANDSTONE ON MARTINS FORK. 
A ro.id rur.s on lop of t^lc outcrop of the sandstone fornriuig the bench upon which th« farm buildings stand. 




B. BENCH RESULTING FROM DIFFERENTIAL WEATHERING OF SHALE AND SANDSTONE. 
View of Cawood sandstone bench, luokmg south across Poor Fork and Martms Fork, from near the junction. 
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in Rocky Face Mountain. While rock wa.s not seen in place in the bed of Yellow 
Creek at the south end of Rocky Face Mountain, there is strong evidence that it 
is present there below the loose rock forming the riffles. The valley at that point 
is very narrow, not over 200 feet wide 40 feet above the low-water level. 
On the south bank a perpendicular cliff of sandstone rises from the water and 
on the north bank there is barel}'^ room for a wagon road ])etween the creek and 
a steep bank with massive outcrops of sandstone. The present fall of Yellow 
Creek to this point from Middlesboro, 8.8 miles along the course of the stream, 
is 20 feet. Evidently if the erosion level at Middlesboro is lowerthan at this point 
either the rock at this point was lower than at present or the general elevation 
of the Middlesboro district was higher. If, as reported, wells at Middlesboro have 
gone 175 feet into the silt deposit without reaching the bottom, the altitude of the 
old erosion level must have been less than 965 feet above tide, or below the present 
level of the Pineville gap. Again the valley of Yellow Creek at and below Excelsior 
Mine is so very narrow that it hardly seems possible for it to liave been eroded 
much below its present level and silted up. If the filling at Middlestx)ro were 
only 30 or 40 feet, it might be as great in this valley, narrow as it is, but hardly 
greater. In that case the facts could be explained by assuming that along the 
Rocky Face Mountain fault the upthrown rocks on the oast had received a recent 
and possibly final upthrust. Taking onl}' the facts as they can be seen on the 
surface this seems to be the best explanation of the origin of the barrier that 
ponded the waters. 

If the reported depth of the deposit about Middlesboro be accepted the problem 
becomes more difficult, for a differential movement of about 250 feet (to the upper 
planation plain) must be accounted for. It is evident that the lower erosion level 
can not be accounted for by supposing that the hard layers forming the rock sill at 
the Rocky Face Mountain fault were nmch lower, for were they entirely below the 
reach of the drainage lines the rock sill at Pine Mountain would have prevented the 
lowering of the valley at Middlesboro below l,0f)0-l,l(M) feet, or at least liX) feet less 
than is required. Nor does it seem possible to assume that Pine Mountain at that 
time stood that much lower than at present, for without denying possible movements 
along the Pine Mountain fault, the Cumberland Valley above Pine Mountain does 
not indicate movement of any such amount. And further, the narrowness of the 
valley near the Excelsior mine is decidedly against the valley at that point ever 
having been 150 feet below its present level. It therefore seems necessary to assume 
that at the time Yellow Creek was cutting out its deepest channel the rock beds about 
Middlesboro were from 125 to 250 feet higher than at present. •The higher figure 
may be accepted if it is assumed that the onh' subsecjuent movement was a sinking 
immediately around Middlesboro; the lower figure may be taken if it is assumed 
there has been uplift at Rocky Face Mountain while sinking was going on at 
Middlesboro. In either case it is almost certain that there have been earth move* 
ments of some magnitude in this region, probably as late as the Pleistoccjn* iir Iwti^ 
Tertiary. (See pp. 46-50.) 
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mined^ either by a line of large partly weathered bowlders along its outcrop, or more 
frequently by large masses of rook on the slope Ik;1ow its level of outcrop. The 
slopes below the more prominent cliflFs are usually strewn with large bowlders, slowly 
working their way down the hill. 

Another type of clitf is formed at the lower edge of the slopes, where the side 
swinging of the streams erodes the underlying shales, as shown on PL IV, B. 

These slope features have been described in some detail and (juite fully illustrated 
as in a region like this, where moasumble outcrops of the coals are few and scat- 
tered, the coals can be traced or the rocks of ditfercnt districts correlated only by 
using all the features which will l>e of assistance in tracing the outcrops of promi- 
nent beds (usually sandstones) l^'ing near the stratum l)eing mapped. 

The long columnar sections given in the discussion of the coal were obtained 
along the creek beds and the long, sharp noses. Along the stream beds the rocks 
are either cleanly exposed or entirely covered. Near the heads of the ravines in tlie 
Black Mountains, where the streams frequently have a slope of more than 45^, the 
rocks are sometimes exposed cleanly and almost continuously for hundreds of feet 
vertically. In such sections, as a rule, coals ma}' l>e measured to the fraction of an 
inch. In the Black Mountains the bulk of the measurements of coals, except those 
on the Harlan coal, were obtained in the stream IxhLs. Along the loAver courses of 
the streams the coals are sometimes exi)osed in the faces of the shale bluffs (PI. 
IV, li). Most of the measurements of the Harian, the Kellioka, and the Puckett 
Creek coals were made at little country banks at which detailed sections of the coal 
are readily obtained and at which it is usually possible to see the character of the 
roof and under clay (PI. XVII, B), 

DRAINAGE. 

The drainage of the portion of the Cumberland (lap coal field studied is 
entireh' by the Cumberland River. The possible origin of that drainage has already 
been described. The drainage as it exists to-day is sufficiently well shown by the 
map and needs no further description. It only remains to call attention to the influence 
of the structure on the drainage. In a general way the Cum))eriand River from 
Plarian to the mouth of Yellow Creek is flowing along the axis of the sj'^ncline or in 
the lowest part of the structural basin. Actually it is a little northwest of that line. 
The succession of long tributaries from the southeast, Williams, Ilance, Puckett, 
Wallins, etc., are flowing down the slope of the rocks; in some cases the dip of the 
rocks and the giude of the streams being practically eciual. Poor Fork and Clover 
Fork, in their lower courses at least, flow in the Hance shales as those shales rise in 
either liml) of the Big Black Mountain syndine. Clear Creek, Poor Fork, Cranks 
Creek, Martins Fork from Cranks Creek to ''The Narrows," Brownies Ci^ek 
and Cubage Creek, Clear Fork of Yellow Creek, and Little Yellow Creek all flow 
in the shales immediately overlying the basal sandstone. Th(»ir courses are deter- . 
mined, in the main, by that shale which occupies a narrow linear belt whose posi- 
tion is determined by the uplift of the Pine or Cumberland mountains. 

rri/n RE. 

Until within comparativeh' recent years this region has been entirely without 
railroad facilities, so that agriculture and lumbering have been the only industries. 
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Now the Southern Railway and the Louisville and Nashville Railroad enter this 

field. In a very few years the mining of 

coal commercially has sprung from nothing 

to nearly or quite a million tons a 3'ear. 

The reduction of iron ores is now carried 

on extensively at Middle.sboro, and other 

enterprises are in successful operation. The 

flat valley lands are practicall}^ all under 

cultivation, and considering the steepness 

of the mountain slopes a surprisingl}^ large 

area of such slopes is under cultivation. 

Bridges are almost entirely lacking, and 

most of the roads are but little suited to 

hauling produce or merchandise; almost 

everything at present is transported in 

bags slung across the backs of horses or 

mules. 
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The outcTopping rocks of the Cumber- 
land Gap coal basin consist of shales, sand- 
stones, clays, and coal beds. The onl}' lime- 
stones found are a few layers of calcareous 
shales or sandstones in which a bed of con- 
tiguous concretionary blocks is developed. 
No continuous limestone layer was seen, 
though a layer of black limestone is reported 
to occur high in the Black Mountains; a 
single float fragment of such a limestone 
was found. The shales and sandstones are 
about equally developed, though possibly 
sandstone predominates. Sandstones pre- 
dominate in the lower third or more of the 
section, and are abundant in beds of limited 
thickness (20 to 100 feet) all through the 
upper two-thirds of the sections. In fig. 8 
are shown two generalized columnar sec- 
tions which give an idea of the composition 
of the upper two-thirds of the section and 
serve as a basis for the division of it into 
formations. The lower part of the section 
is not only mainl}' sandstone, but contains some fairly coarse conglomerate; it 
41— No. 49 -06 3 
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Fio. 8.— Generalized columnar sections of Black and 
Log mountains. ^ 
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contains little coal, and in this region is usually below drainage or upturned at 
high angles in the enflanking mountains. 

A study of the fossils found indicates that all of the rocks of this basin are of 
the age of the Pottsville group of Pennsylvania. All the coals at present worked 
in the Log Mountains appear to be certainly of Pottsville age. The formation 
in the lower part of the section appears to be the same as the Lee conglomerate 
of Campbell in adjacent regions to the north and northeast, and of Keith to the 
southwest. It is here called the Lee sandstone. The Lee is the lowest division 
of the Coal Measures, and none of the rocks below it outcrop within the 
Cuml>erland (jap coal basin unless they are exposed along the base of the 
fault scarp on the west? side of Rocky Face Mountain. No such rocks were 
noted there, but they may occur above drainage level and lie hidden by the 
talus slope. These underlying formations are exposed on the north flank of 
Pine Mountain, where they are brought up b}^ the Pine Mountain fault. 

AlK)ve the Lee occur about 2,300 feet of sandstones and shales in 
about equal proportion and more or less uniformly distributed through the 
column. It is, therefore, not possible to subdivide this part of the section into 
formations whose lithologic chai-acters are (*onstant, and are different from those 
of the formations above and below. Nevertheless, for convenience of disi'ussion 
and for puiposes of mapping, it has seemed best to divide this part of the 
section into formations along arbitrary linos, the lines used being those that it 
was believed were traced over the whole area with some degree of certainty. In 
several cases these lines have been drawn at the horizons of valuable coals. 
In addition to the formation lines it has been possible in several cases to trace 
cliff-making sandstones over considerable areas, and as these are often valuable 
in helping to locate the coals, they are mapped and described as members. 

In the table below are shown the relative position, thickness, and composition 
of the formations into which the rocks of this basin have been divided, as well as 
the |X)sition of the mapped coals and sandstone members. 
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Formation. 



qvmhiil I Average | 



Members and coals. 



Brypon . . 
Hignite . 



Chn. 



Catron (V 



Mingo. 



Hance 

Lee sandstone . 



Cm 



Ch. 
Cle. 



Pennington ( -pn . 
shale. ! 

Newman lime- I Cn.. 
stone. 

Chattanooga | Dch. 
shale. 



thickness. 

_ _l 

hWt. 

200 \ 

460 1 Red Spring coal at top overlying Red Spring sandstone; 
Reynolds sandstone 180 feet from bottom at east; Hignite 
I coals at bottom at west. 

;^(X) Jesse sandstone at top at east; Smith 11 -foot coal 100 feet 
I from bottom at east; Klondike coal 50 to 125 feet from 
i bottom at west; Wallins Creek coal at bottom at east; 
Poplar Lick coal at bottom at west. 

950 Sandstone Parting coal 160 to 250 feet from top at west; 
IMckett sandstone member 160 feet from top at east; 
Slaters sandstone member 300 feet from top at east; Creech 
coal 450 feet from top at east; Mingo coal 400 to 500 feet 
from top at west; Fork Ridge sandstone member 40 feet 
below Mingo coal at west; Kellioka coal 250 feet from 
bottom at east; Harlan coal at bottom at east; Hance coal 
at lx>ttom at center; Bennett Fork coal at bottom at west. 

6(X) I Cawood sandstone 250 feet from the top; Yellow Creek sand- 
stone 100 feet from bottom. 
I 1,200- , 
I 8,600? 

i 100 
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LEE FORMATION. 

This is the massive sandstone that forms the base of the Pottsville throughout 
the southern Appalachian province. As the Lee formation of this region has not 
been traced to connect with the same formation as mapped b}' Mr. Campbell in 
the Estillville quadrangle to the northeast, or by Mr. Keith in the Maynardville 
quadrangle to the southwest, some uncertainty exists as to whether the upper and lower 
limits, as assigned here, agree wMth the limits given in the Estillville and Maynard- 
ville folios. Its upper limit has been taken as the top of the massive sandstone 
making up the Naese Cliff on the Cumberland River below the mouth of Brownies 
Creek. (See PI. VIII, A.) Its lower limit has likewise been in doubt. It has been 
taken as the top of the first thick shale below the conglomerate. At Cumberland 
Gap this shale, which has been correlated with the Pennington shale of Campbell, 
has a thickness of 100 feet, and is underlain immediately by the w^hite Newman 
limestones. As the Pennington .shale has a thickness of 1,025 feet at Pennington 
Gap just east of the area here studied, there has been a remarkable thinning of the 
shale or else the lower sandstones between the conglomenite and shale belong in 
the Pennington shale. Even then the Pennington would be only 300 feet thick at 
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/;. OUTCROP OF CAWOOD SANDSTONE AT TYPE LOCALITY. 
Showing the v»t;dthering of tho sandstone, leaving honeycombed effect from which the name Bee rocK is derived. 
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from this 100 to 300 feet which belong to the Pennington, there 
is left from 1,200 to 1,400 feet as the thickness of the Lee forma- 
tion. At Brierfield Gap a section was made on the road from 
Hurst to Hagan. This section when platted gave an estimated 
thickness of 3,700 feet between the top of the Lee and the top 
of the Newman limestone. In the road the dips were uniformly 
from 45° to 60°, so that at first sight it would seem as though 
this section could be relied upon to give the actual thickness. 
As, however, vertical dips and reverse dips were found only a 
little to one side of the line of the section, the possibility of 
faults occurring through the section reduces the probability of 
the section being correct. On the whole, therefore, it ma\^ be 
considered that this formation in this area has a thickness of at 
least 1,000 feet, and possibly of 1,500 feet. Its top is formed 
of the Naese sandstone member which makes the prominent 
Naese CliflF on Cumberland River about 8 miles by the road 
above Pineville. (See PI. VIII ^1, p. 30.) This is the same 
sandstone that produces the well-known Seven Sisters, a short 
distance farther up the river. Near the Seven Sisters and on 
the lower part of Clear Creek it shows a thickness of consider- 
ably over 100 feet. As exposed along Cumberland River the 
upper part of this top sandstone is much cross-bedded, though 
sometimes it shows no true bedding planes in a distance of 50 
feet or more. The bedding planes are variable in thickness 
within short distances, as though they were laid down in a 
region subject to varying currents. Parts of these layers show 
considerable areas where the sandstone is full of clay pellets: in 
places apparently similar pellets have weathered out, leaving the 
rock in a honeycombed condition, so that the term ''Bee rock" 
has sometimes been applied locally to it. In places the rock 
shows a marked tendency to exfoliatation, leaving the surface 
below of a bright buff color and in rounded outlines. The two 
coals at Cumberland Gap appear to be the same coals that are 
found at other points in the Pine and Cumberland mountains, 
suggesting that they may be rather persistent. If so, these coals 
may some day be of value in the center of the basin where they 
are not disturbed by the folding or faulting. The main mass of 
conglomerate is usually" white on a fresh surface, and sometimes 
on weathered surfaces, though usually it runs from gray to 
brown. It is a coarse-grained saccharoidal sandstone containing 
many pebbles of white to milky translucent colors. These are 
usually oval and well rounded and range from one thirty -second 
of an inch or less up to about 1 inch in diameter. The majorit}^ of 
the pebbles are small in most of the exposures, avei*aging nearer 
the one thirty-second-inch limit than the 1 inch. In most expo- 
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A. OUTCROP OF NAESE SANDSTONE AT TYPE LOCALITY. 

Naese Cliff, on Cumberhnd River, a short distance above the mouth of Hance Creek, from which Naese 
tandftone receives its name. 




/;. FOUR OF THE "SEVEN SISTERS." 

A w«ll-known locality on Cumberland River. Th«M are outcrops of Naese sartdstone, which in tnis field has been regarded 

as the top bed of th«i Lee formation. 
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Now the Southern Railway and the Louisville and Nashville Railroad enter this 

field. In a very few years the mining of 

coal commercially has sprunj^ from nothing 

to nearly or quite a million tons a year. 

The reduction of iron ores is now carried 

on extensively at Middlesboro, and other 

enterprises are in successful operation. The 

flat valley lands are practically- all under 

cultivation, and considering the steepness 

of the mountiiin slopes a suiprisingly large 

area of such slopes is under cultivation. 

Bridges are almost entirely lacking, and 

most of the roads are but little suited to 

hauling produce or merchandise; almost 

everything at present is transported in 

bags slung across the backs of horses or 

mules. 
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The outcropping rocks of the Cumber- 
land Gap coal basin consist of shales, sand- 
stones, clays, and coal beds. The only lime- 
stones found are a few layers of calcareous 
shales or sandstones in which a bed of con- 
tiguous concretionary blocks is developed. 
No continuous limestone layer was seen, 
though a layer of black limestone is reported 
to occur high in the Black Mountains; a 
single float fragment of such a limestone 
was found. The shales and sandstones are 
alx)ut equally developed, though possibly 
sandstone predominate^!. Sandstones pre- 
dominate in the lower third or more of the 
section, and are abundant in beds of limited 
thickness (20 to 100 feet) all through the 
upper two-thirds of the sections. In fig. 8 
are shown two generalized columnar sec- [ 
tions which give an idea of the composition t\ 
of the upper two-thirds of the sc^ction and 
serve as a basis for the division of it into ^'" 
formations. The lower part of the section 
is not only mainly sandstone, but contains some fairly coarse conglomemte; it 
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contains little coal, and in this region is usually below drainage or upturned at 
high angles in the enflanking mountains. 

A study of the fossils found indicates that all of the rocks of this basin are of 
the age of the Pottsville group of Pennsylvania. All the coals at present worked 
in the Log Mountains appear to be certainly of Pottsville age. The formation 
in the lower part of the section appears to be the same as the Lee conglomerate 
of Campbell in adjacent regions to the north and northeast, and of Keith to the 
southwest. It is here called the Lee sandstone. The Lee is the lowest division 
of the Coal Measures, and none of the rocks below it outcrop within the 
Cumberland Gap coal basin unless they are exposed along the base of the 
fault scarp on the west side of Rocky Face Mountain. No such rocks were 
noted there, but they may occur above drainage level and lie hidden by the 
talus slope. These underlying formations are exposed on the north flank of 
Pine Mountain, where they are brought up by the Pine Mountain fault. 

Above the Lee occur about 2,300 feet of sandstones and shales in 
about equal proportion and more or leas uniformly distributed through the 
column. It is, therefore, not possible to subdivide this part of the section into 
formations whose lithologic characters are constant, and are different from those 
of the formations above and below. Nevertheless, for convenience of discussion 
and for purposes of mapping, it has seemed best to divide this part of the 
section into formations along arbitrary lines, the lines used being those that it 
was believed were traced over the whole area with some degree of certainty. In 
several cases these lines have been drawn at the horizons of valuable coals. 
In addition to the formation lines it has been possible in several cases to trace 
cliff-making sandstones over considerable areas, and as these are often valuable 
in helping to locate the coals, they are mapped and described as members. 

In the table below are shown the relative position, thickness, and composition 
of the formations into which the rocks of this basin have been divided, as well as 
the position of the mapped coals and sandstone members. 
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Formations in the Cumberland Gap coal JiM, 



Formation. 



Brvson Ch 



Symbol. 



Hignite Chn 



( atrou Cc 



Mingo. 



Hance 

Lee sandstone . . . 



C;ni 



Ch 

Cle 



Pennington ( ^pn . 
shale. 

Newman lime- (^n . 
stone. 



Chattanooga 
shale. 



Dch . 



Members and coals. 



Avernjfc | 
I thickness. 

I 

.. _ . -. 

' Feet. 

20() 

4H0 Red Spring coal at top overlying Red Spring sandstone; 
' Reynolds sandstone 180 feet from bottom at east; Hignite 
coals at bottom at west. 

8(K) Jesse sandstone at top at east; Smith 11 -foot coal 100 feet 
from bottom at east; Khmdike ooal 50 to 125 feet from 
Iwttom at west; Wallins Creek coal at bottom at east; 
Poplar Lick coal at bott<3m at west. 

950 Sandstone Parting coal 160 to 250 feet from top at west; 
Puckett sandstone meniljer 160 feet from top at east; 
Slaters sandstone member 800 feet from top at east; Creech 
(!oal 450 feet from top at east; Mingo coal 400 to 500 feet 
from top at west; Fork Ridge sandstone member 40 feet 
below Mingo coal at west; Kellioka coal 250 feet from 
bottom at east; Harlan coal at bottom at east; Hance coal 
at bottom at center; Bennett Fork coal at bottom at west. 

600 Cawood sandstone 250 feet from the top; Yellow Creek sand- 
stone 100 feet from bottom. 
1,200- 
8, 600? 

100 
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LEE FORMATION. 

This is the massive sandstone that forms the base of the Pottsville throughout 
the southern Appalachian province. As the Lee formation of this region has not 
been traced to connect with tlie same formation as mapped by Mr. Campbell in 
the Estillville quadningle to the northeast, or by Mr. Keith in the Maynardville 
quadrangle to the southwest, some uncertaint}' exists as to whether the upper and lower 
limits, as assigned here, agree with the limits given in the Estillville and Ma^nard- 
ville folios. Its upper limit has been biken as the top of the massive sandstone 
making up the Naese Cliff on the Cum})erhind River below the mouth of Brownies 
Creek. (See PI. VIII, A,) Its lower limit has likewise been in doubt. It has been 
taken as the top of the first thick shale below the conglomerate. At Cumberland 
Gap this shale, which has been correlated with the Pennington shale of Campbell, 
has a thickness of 100 feet, and is underlain immediately by the white Newman 
limestones. As the Pennington shale has a thickness of 1,025 feet at Pennington 
Gap just east of the area here studied, there has been a remarkable thinning of the 
shale or else the lower sandstones between the conglomerate and shale belong in 
the Pennington shale. Even then the Pennington would be only 300 feet thick at 
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Cumberland Gap and 500 feet thick at Cup Gap. At Brierfield Gap calculation 
gave 1,375 feet as the stratigraphic distance from the bottom of the conglomerate to 
the top of the Newman limestone. Doubt exists as to the continuity of the section 
there. On the almost perpendicular escarpment of Cumberland Mountain the 
following section is exposed below the Pinnacle: 

Section at IHunacle above Cumberlnud Gap, 

Feet. 

Sandstone, coarse grained, and with scattered jHibbles 50 

Sandstone, coarse conglomerate 40 

Sandstone, thin bedded to massive, hard, medium grained, light brown 20 

Sandstone, hard, crinkly 60 

Shale, brown 120 

Limestone, " Newman '* (estimated) :^50 

Shale, black, Chattanooga 150 

It has been assumed that the conglomeratic sandstone at the top of Pinnacle 
belongs in the Coal Measures and is therefore a ]>art of the Lee conglomerate. If 
that is so, the Pennington formation must be restricted to the strata between the 
limestone and the base of this conglomemte — a total interval of ^^00 feet. It will 
require .further study to determine whether the IHO feet of sandstone below the 
conglomei'ate l>elongs in the Lee or in the Pennington. A good section of part of 
the I:^e formation can be obtained by combining the exposures on the road from 
Middlesboro to Cumberland Gap with the record of a drilling made at the brewery 
at the foot of the hill. The total section is as follows: 

Section of Lee formation on Oitmhfrhnd Gap road. 

Feet. 

Sandstone, shaly in places, more often massive, yellow (bottom of section) 90 

Shale, sandy, brown to dark blue on road, '* black " in well 50 

Sandstone, shaly, gray, with thin interl)e<ided layers of shale 100 

Shale, fissile, brown to dark blue 10 

Coal, up to 4 

Shale, similar to last 15 

Sandstone, massive 30 

Shale, fissile, dark blue 1 26 

Sandstone, ripple marked, pinkish and shaly near toj), white, and more quarzitic 

toward lx)ttom, generally massive 100 

Coarse conglomerate, estimated by pacing 480 

Coal, **(^uml)erland Gap," up to 6 

Shale, brown and sandy 50 

Sandstone, hard, tine grained in saddle of gap and somewhat resembling quartzite. 80 

From the saddle to the point where the limestone is exposed on the south- 
west side of the gap is a horizontal distance of 1,350 feet. As the rock in place 
is largely hidden it can not be asserted that it is sandstone or that the major 
part of it belongs in the Lee formation. As exposed on the road in the section 
just given, the Lee formation has a thickness of 1,000 feet. All attempts to tie 
the lower part of this section with the section on the opposite side of the fault 
were unsuccessful. At Cup Gap it was estimated that the Newman limestone was 
stmtigraphically at least 1,500 feet below a hard, white sandstone that was thought 
to be in the Lee, and possiblj^ to mark the top of the Lee. If there is subtracted 
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Ji. OUTCROP OF CAWOOD SANDSTONE AT TYPE LOCALITY. 
Showing the weathering of the sandstone, leaving honeyconnbed effect from which the name Bee rock is derived. 
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from this 100 to 300 feet which belong to tlie Pennington, there 
is loft from 1,200 to 1,400 feet as the thickness of the Lee forma- 
tion. At Brierfield Gap a section was made on the road from 
Hurst to Hagan. This section when platted gave an estimated 
thickness of 3,700 feet between the top of the Lee and the top 
of the Newman limestone. In the road the dips were uniformly 
from 45^ to 60^, so that at first sight it would seem as though 
this section could be relied upon to give the actual thickness. 
As, however, vertical dips and reverse dips were found only a 
little to one side of the line of the section, the possibility of 
faults occurring through the section reduces the probability of 
the section being correct. On the whole, therefore, it may be 
considered that this formation in this area has a thickness of at 
least 1,000 feet, and possibl}^ of 1,500 feet. Its top is formed 
of the Naese sandstone member which makes the prominent 
Naese Cliff on Cumberland River about 8 miles by the road 
above Pineville. (See PI. VIII A, p. 3G.) This is the same 
sandstone that produces the well-known Seven Sisters, a short 
distance farther up the river. Near the Seven Sisters and on 
the lower part of Clear Creek it shows a thickness of consider- 
ably over 100 feet. As exposed along Cumberland River the 
upper part of this top sandstone is much cross-bedded, though 
sometimes it shows no true bedding planes in a distance of 50 
feet or more. The bedding planes are variable in thickness 
within short distances, as though they were laid down in a 
region subject to varying currents. Parts of these la3^ers show 
considerable areas where the sandstone is full of clay pellets: in 
places apparently similar pellets have weathered out, leaving the 
rock in a honeycombed condition, so that the term '*Bee rock" 
has sometimes been applied locally to it. In places the rock 
shows a marked tendency to exfoliatation, leaving the surface 
below of a bright buff color and in rounded outlines. The two 
coals at Cumberland Gap appear to be the same coals that are 
found at other points in the Pine and Cumberland mountains, 
suggesting that they may be rather persistent. If so, these coals 
may some day be of value in the center of the basin where they 
are not disturbed by the folding or faulting. The main mass of 
conglomerate is usually white on a fresh surface, and sometimes 
on weathered surfaces, though usually it runs from gray to 
brown. It is a coarse-grained saccharoidal sandstone containing 
many pebbles of white to milky translucent colors. These are 
usually oval and well rounded and range from one thirty-second 
of an inch or less up to about 1 inch in diameter. The majority of 
the pebbles are small in most of the exposures, averaging nearer 
the one thirty-second-inch limit than the 1 inch. In most expo- 
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sures the pebbles appear to be more abundant and larger near the bottom of the 
conglomerate. Neiir the top of the conglomerate the pebbles are scattered thinly, 
usually in lines along the l)edding, and generally in a pockety manner. Here the 
pebbles over one thirty-second of an inch in diameter may not make up one one- 
hundredth part of the rock, while toward the bottom of the conglomerate in some 
layers probably nine-tenths of the pebbles are over one thirty -second of an inch. 
Some of the other sandstones of the Lee formation, while not conglomeratic, are 
coarse grained, white, and quartzitic, and from rock of this character it is possible 
that some building stone may be obtained. 

At Big Creek Gap, just southwest of the area mapped, Cumberland Mountain 
is cut by Big Creek, and at this point Mr. David White obtained the following 
complete section of the •Lee formation and the underlying formations: 

Sertum at Big Creek dap (fiq. 9). 

Foot. 

Rex coal • 

Interval 10 

Sandstone, thin l)ed(led, and phale 40 

Intenal, hidden 125 

Sandstone, possibly "top of I^e formation," probably Yellow Creek Kan<lstone 

of this reiK>rt 70 

Interval, hidden 40 

Shale, dark and fissile at wnter ., 70 

Sandstone, with some shale, probably with next representative of "Naese" 

sandstone 70 

Sandstone SO 

Shale, plant remains 50 

Sandstone 10 

Shales, dark, containing (H)al streak with invertebraces 5 

Sandstone 85 

Shales .' 10 

Conceale<i 10 

Sliales, sandy 65 

Sandstone, shaly 25 

Sandstone, shaly 32 

Concealed 30 

Sandstone 38 

Conj^lomerate 67 

Shale, l(K»tion of old drift on road, and showing coal 15 inches lio 

Sandstone, conglomerati<* at lx>ttom 140 

Shale, containing coal 2 feet, and ]>ossible i>osition of Cumberland Gap coal at 

Cumberland (lap - , 10 

Sandstone 5 

Shale, (Tushe<l and bituminous 10 

Sandstt)ne 5 

Conglomerate 176 

Bituminous shale 20 

Sandstone 32 

Shale, containing plants 6 

Coal 2fy 

Fire clay 15 

Sandstone, greenish at bottom ("approximate l)a8e of Lee") 155 

Sandstone 60 

Shale, olive-green 30 
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.1. OUTCROP OF NAESE SANDSTONE AT TYPE LOCALITY. 

Naese Cliff, on Cumberland River, a short distance above the nnouth of Hance Creek, from which Naese 
sandstone receives its name. 




Ji. FOUR OF THE "SEVEN SISTERS." 

A w«t|.|cnown locality on Cumberland River. These are outcrops of Naese sandstone, which in tnis field has been regarded 

as the top bed of the Lee formation. 
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Feet. 

Concealed, possibly red shale 50 

Yellowish-green conglomerate 38 

Shales, green and red, partly hidden 130 

Sandstone, greenish 35 

Shale, greenish 100 

Limestone 20 

Shale, greenish 70 

Limestone 20 

Concealed 105 

Limestone 290 

Concealed 22 

Limestone, cherty 90 

Shale, greenish 6 

Limestone 5 

Shale, red 22 

Shale, green 20 

Shale, black, Devonian 70 

Shale, greenish, and hidden drift of iron-ore mine 50 

According to this section, the total thickness of the Lee is 1,187 or 1,867 
feet, that of the Mississippian or "" Lower Carboniferous" is 1,260 feet, and that 
of the Devonian black shale is 70 feet. 

HANCE FORMATION. 

This formation is defined as extending from the top of the Naese sandstone 
member at its type locality to the bottom of the Lower Hance coal. It has a 
thickness of about 600 feet. Though it contains two prominent cliff-making sand- 
stones, it is mainly shale. This formation forms most of the valle}" })ottoms and the 
greater part of the shale bluffs along creeks all over the area. The shale that is so 
highly folded in the hills around Middlesboro is a part of this formation. As a coal 
producer the Hance is of minor importance. In the Middlesboro region there has 
been noted only one workable coal — the Turner coal — which occurs about 200 feet 
from the top of the formation, and is worked at the Turner mine on Lane Branch of 
Yellow Creek, just southwest of Middlesboro. In the Black Mountain district three 
coals in this formation reach a workable thickness locally. About 200 feet or a little 
less below the Harlan or Lower Hance coal is the Puckett Creek coal, so named 
because numerous openings have been made on it all along Puckett Creek, in all 
cases within 150 feet of the bed of the stream. This coal is from 2 to 5 feet thick, 
but when thick it usually is broken up into benches that are so separated as to 
be unworkable. About 100 feet below the Puckett Creek coal at the western end of 
the mountains is the Cranes Creek coal. This is a solid coal whose thickness reaches 
a maximum of nearly 4 feet, but is usualh^ less than 3 feet. Aljout 100 feet from 
the bottom of the formation frequently occurs a coal carrying some cannel. At the 
mouth of Terrys Fork of Wall ins Creek this is of workable thickness. It is 
therefore called the Terrys Fork coal. 

Of the sandstones in this formation, one is largely below drainage while the other 
is probably the most persistent in the field. The latter is called the Cawood sandstone 
member from the exposures in the bluffs around Cawood post-oflice. It is there just 
above drainage level of Martins Fork and at least 80 feet thick. Its tracing may in 
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large part be due to the fact that its position in the hills brings it close to the line of 
observation on the roads and trails along the stream valleys. It has been traced 
almost continuously along Martins, Clover, and Poor forks of Cumberland River. 
In most cases the cliffs are plainly visible from the roads up these forks and are 
so near together that there is little doubt as to the correlation. Numerous 
openings on the Harlan coal, 250 feet above, assist in the correlation at doubtful 
points. Between Harlan and Puckett Creek are other sandstones which form bluffs 
that are nearly, if not quite, as prominent and which render the tracing of the 
sandstone more difficult. Over that area an attempt was made to follow the outcrop 
of the Cawood sandstone along the hillside. Even then the breaks where it does 
not outcrop are so many and often so long that it could not be traced with 
certaint}^ from Harlan to Yellow Creek. The sandstone on Puckett Creek, into 
which it appeared to trace, becomes dominant from that point westward and can 
be traced without difficulty to Yellow Creek and into the Middlesboro area. This 
sandstone came the nearest to being a key rock to which all the other formations 
could he referred with certainty. While it is believed that it has been correctly 
traced, the degree of certainty is not all that might be hoped for. 

About 100 feet above the bottom of the formation is the top of a massive sand- 
stone that makes prominent cliffs at the mouth of Yellow Creek and elsewhere 
throughout the field where it is above drainage. It is here called the ''Yellow 
Creek sandstone member." This, as well as the Cawood sandstone abov^ and 
Naese sandstone below, tend to weather out large cavities resembling a magnified 
honeycomb, so that the name "Bee" rock has been applied to each of these sand- 
stones. (See PI. VII, B.) 

MTNGO FORMATION. 

This formation is named from Mingo Mountain, where in 1903 nine commercial 
mines were working coals from this formation. It includes the famous Mingo coal, 
the Sandstone Parting coal worked at several of the mines, and Bennett Fork coal 
worked at the Bennett Fork mine. In Mingo Mountain the formation has a thick- 
ness of about 950 feet. This is divided by the coals mentioned about as follows: 
From the bottom of the Poplar Ijick coal to the bottom of the Sandstone Parting 
coal, 250 feet; from the bottom of the Sandstone Parting coal to the bottom of the 
Mingo coal, 250 feet; from the bottom of the Mingo coal to the bottom of the Lower 
Bennett Fork coal, 450 feet. Noi-thward, toward Pine Mountain, this formation 
decreases rapidly in thickness. On Little Clear Creek the space from the bottom 
of the Poplar Lick coal to the bottom of the Mingo coal appears to have decreased 
to about 350 feet — 210 feet from the bottom of the Poplar Lick to the Sandstone 
Parting coal and 140 feet from the bottom of the latter to the Mingo coal. On 
Clear Creek the lower space remains the same, while the upper space is reduced to 
about 160 feet or less. The distance between the bottom of the Mingo coal and 
the Chenoa cannel coal, which is thought to occupy about the position of the Bennett 
Fork coal of the Bennett Fork district, is 334 feet according to a drilling on Bear 
Creek. Such high dips are met with along the south side of Clear Creek that 
surface measurements between the coals are apt to vary greatly and to be unre- 
liable. This variation is seen in various reports made to the Louisville Property 
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addition to the Harlan coal at the Iwine it contains at least two workable coals, 
probably more. Of these the Creech coal is thought to occupy about the same 
stratigraphic position as the Mingo coal, as it occurs about 450 feet below the top 
of the formation. This coal was discovered in 1901, and knowledge of it was 
derived almost entirely from facings made under the direction of Mr. liobert 
Creech in 1902. In Jackson Mountain, where faced by Mr. Creech, it shows as a 
uniform coal 3 feet 6 inches to 5 feet thick. That it has not been traced outside 
of that ridge is probably due to lack of exploitation. About 250 feet above the 
H-irlan coal occurs the Kellioka coal, which gives a thick totil section, but usually 
is much split up with partings. Other coals alx)ve and below this coal appear to 
be workable in places, and further exploration may prove them to maintain 
workable thickness over a considerable area. 

At the bottom of the formation occurs the Harlan coal, the most valuable coal 
yet discovered in the Black Mountains portion of the Cumberland Gap field. The 
low position of this coal in the hills has led to its being opened up for private or 
local use at a large number of places and at the same time has taken away the 
incentive to developing the coals higher in the hills. In general it may be spoken 
of as a 4-foot coal, though it is often thicker. When much thicker, it is apt to 
show partings that render the top or bottom less workable, but the thickness of the 
worked coal in the main bench is about 4 feet, as before. This coal can be traced 
around the valleys of the three forks of the Cumberland River. It becomes thin in 
the immediate drainage of Cumberland River and has not been proved on Wallins, 
Forrester, and lower Puckett creeks. Between Puckett and Yellow creeks it is 
thought to correspond in position with the lower of two coals, called there the 
Upper and Lower Hance coals. The Lower Hance coals are thought to be equivalent 
to the Bennett Fork coals of the Log Mountains district. The Upper Hance coal 
may correspond with a coal reported at several places as occurring about 30 feet 
above the Harlan coal, i^nd as reaching a thickness of 3 feet locally. 

About 160 feet below the top of the Mingo formation occurs the Puckett 
sandstone, so named from the prominence of its outcrops around Puckett Creek; it 
is the sandstone making the so-called *' Big Cliffs" on Brownies Ridge, characteristic- 
ally seen just below the gap between the Blacksnake Branch of Puckett Creek and 
Biacksnake Branch of Brownies Creek. In places along the west side of Reynolds 
Mountain, as up Mudlick Branch, it makes vertical cliffs 100 feet high. This 
sandstone makes fairly prominent cliffs all through the mountains to the east as far 
as studied, though in places along the upper waters of Martins Fork, the cliffs 
disappear and the place of the sandstone seems to be entirely taken by shale. 
On the other hand, in that region a sandstone makes prominent cliffs at nearly the 
same horizon and in the field was correlated with the Puckett sandstone. Later 
study seemed to show that this sandstone is stratigraphicaily al>out 150 feet or more 
below the top of the Puckett sandstone, and on account of its making massive cliffs 
along Slater Fork of Catron Creek it has been called the Slater sandstone. The 
Creech coal occurs between two thick sandstones, the lower of which is thought to 
be the representative of the Fork Ridge sandstone of the Jjog Mountains. It differs 
from the Fork Ridge sandstone, however, in not being a cliff maker, and in lying 
close to the Creech coal. 
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The coarse-grained fat'ies was not noted in Potato Hill Ridge or at most of the 
places visited on Martins Fork Ridge. It shows poorly in Grays Knob and fairly 
well in Little and Big Black mountains. From 40 to 60 feet below it in many 
parts of the field occurs a sandstone that makes bold cliff-like exposures in the heads 
of many of the streams, notably so around the head of Wallins and Catron creeks. 
In places it shows a thickness of 80 feet, but a short distance away it ma\' 
thin down to 10 or 20 feet. 

At the bottom of this formation occurs the Wallins Creek coal, and 100 to 120 
feet above the Smith 11-foot coal. These coals are supposed to be equivalent to 
the Poplar Lick and Klondike coals, respectively. The Wallins Creek coal is 
named from Wallins Creek, around the head of which it occurs, and near which 
several good measurements were obtained in Hobbs Branch, Trace Fork, and in 
Sang Branch. These all gave sections showing uniformly about 8^ feet of coal. 
Somewhat similar coals from 6 to 11 feet thick were found at about the same 
elevation around the heads of Puckett, Forrester, and Catron creeks, and on Grays 
Knob, and were reported on Little Black Mountain. At first all these were assumed 
to be at one horizon. Messrs. McCreath and d'Invilliers, however, reported two 
coals on Grays Knob, the thickness of the lower of which was 9 feet, while that of 
the other was 13 feet 6 inches. The upper is said to have been ''opened 90 feet 
vertically higher and immediately above the last-mentioned development."^ 

No such development of two thick coals was found during the present survey 
either on Grays Knob or elsewhere. At a number of places, however, a coal 
between 3 and 4 feet thick was found either 150 feet above or 150 feet, more or less, 
below the thick coal. Then a study of the measurements showed that the distances 
from the thick coal at about this horizon to the first cliff-making sandstone is about 
160 or 320 feet. Evidently there were either two sandstones or two coals. Measure- 
ments from the Jesse sandstone to the sandstone below this thick coal gave either about 
500 or about 650 feet. These results demonstrated with considerable certainty 
the existence of two sandstones whose tops were approximately 150 feet apart, 
each being dominant in part of the area, but one becoming thin where the other 
was dominant. They seemed to demonstrate also that while in some places, as on 
Lick Branch of Catron Creek, the 320-foot measurement from the big coal down 
to the underlying cliff-making sandstone^ was to the lower of these two sand- 
stones, in other places, as at the old Granville Smith place at the head of Puckett 
Creek, it was from the coal to the upper of these sandstones, indicating that there 
were two coals as well as two cliff-making sandstones below this coal. Further 
study and additional facts seemed to confirm this theory. In this report, there- 
fore, it has been assumed that there are two coals in the Catron formation yield- 
ing locally 7 to 8 or more feet of coal. While the thickness of the lower of these, 
or Wallins Creek coal, is from 7 to 9 feet at a number of places widely scattered 
over this field, at other places it is less than 4 feet. Ninety to 160 feet above this 
there is assumed to be another seam, which usually yields only 3 to 4 feet of coal, 
but in a few places has a total thickness of 11 to 13 feet, as on Grays Knob and 
on the old Granville Smith place (now the Frost place), at the head of Puckett 

a McCreath and d'Invilliers, p. 78. 
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Creek. This upper coal has, therefore, been called the '' Granville Smith 11-foot 
coal;'' or, shortly, the ''Smith 11-foot coal,-' as it has become well known through- 
out the region by that name. 

HIGNITE FORMATION. 

The Hignite formation is named from Hignite Creek in the Log Mountains, 
where it is exposed. There it extends from the bottom of the lower Hignite 
coal to the top of the Red Spring coal. Barometric measurements on the space 
between these coals varied from 440 to 540 feet, a majority of the measurements 
ranging from 440 to 480 feet. Measurements on Bryson Mountain by Mr. J. C. 
Richardson gave 440 feet; on Puncheon Camp Creek, 500 feet; on Martin Branch 
of Stony Fork, 480 feet; on Little Clear Creek, 540 feet; on Bean Fork Branch 
of Yellow Creek, 440 feet: ou Bear Creek, 450 feet (the last four by Mr. A. 
R. Crandall); on Hignite Creek, 440 to 540 feet. 

On Hignite Creek a coal partly faced up was taken to be what is generally 
known in the Log Mountains as the Red Spring coal. It is 5 feet or more thick 
and occurs immediately above a cliff-making sandstone. What is believed to be the 
same sandstone (called from its association with this coal the ''Red Spring sand- 
stone member of the Hignite formation") was traced as a continuous cliff-making 
sandstone all along the summit of Log Mountains from Canada Peak to the head of 
Stony Fork. It makes fcn amphitheater-like wall at the head of the Middle Fork of 
Hignite Creek just below the level of the gap. At the bottom of the formation 
occur the two Hignite coals, 12 feet apart vertically. The upper one is well exposed 
in the bed of the creek, the lower one in a facing. The bottom of the lower bed, 
here 3 feet 4 inches thick, forms the bottom of the Hignite formation in the Log 
Mountains. 

The Hignite formation is considered to be equivalent to the rocks that occur in 
the Black Mountains from the tops of the highest mountain down to the top of the 
Jesse sandstone. A comparison of spaces from below indicates that this sandstone 
is equivalent to a massive, often cliff-making sandstone that comes just a few feet 
below the lower Hignite coal of the Log Mountains. The Jesse sandstone in the 
Black Mountains is frequently characterized by a scattering of small pebbles whose 
diameter is seldom more than one-fourth inch and is usualh' about one-eighth inch. 
As such pebbles were found only near the mountain summits and at apparently the 
same distance above the top of the Lee, it was assumed that they occur at the same 
general horizon. This view was strengthened by the occurrence of the massive 
Reynolds sandstone above it at a constant interval of about 180 feet, and of other 
traceable coals and sandstones below also at fairly constant intervals. The highest 
points of the Black Mountains are from 400 to a little over 500 feet above the top of 
the Jesse sandstone, so that, as previously suggested, they may reach the horizon of 
the Bryson formation. Few of the coals in this formation were found in the Black 
Mountains, and almost no measurements of the coal were obtained. The most 
prominent member in that region is the Reynolds sandstone. It is the sandstone 
that is exposed in Hanging Rock of Reynolds Mountain and Pilot Rock of Little 
Black Mountain. It makes prominent perpendicular cliffs from 50 to 100 feet high 
along a considerable part of the crests of the Black Mountains. There are other 
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sandstones short distances above and below that in places make almost or quite as 
prominent cliffs, but in most places the cliffs made by the Reynolds sandstone are 
more conspicuous than those of the other sandstones within 200 to 300 feet 
above or below. 

BRYSOX FORMATIOX. 

This formation occupies the higher tops of the Ijog Mountains. It may 
occur on one or two of the highest points in the Black Mountains, as Fox Knob 
in Potato Hill Ridge, and the higher points of Reynolds Mountain, but it could 
not be recognized. It is named from Bryson Peak of the Log Mountains, where 
it is well exposed and where it has been studied better than elsewhere. While 
it contains one or two coals of workable thickness, such coals have too small an 
area to be considered profitable. This formation shows a thickness of about 200 
feet in most of the higher peaks along the crest of Log Mountains from Bryson 
Peak to the he^ of Hignite Creek. 

STRUCTITUE. 

STRUCTURE OF THE APPALACHIAN PROVINCE. 

The Appalachian province is structurally a geanticline, whose axis follows the 
Appalachian Mountains. It seems probable that there have been successive 
uplifts, and that the axis of movement was transferred northwestward in ea<»h 
case. The earlier movements may have been to the southeast of the present 
Appalachians, and the land surface thus formed may have furnished a large part 
of the material at present making up the sedimentary strata west of the Unaka 
or Great Smoky Mountains. From the Cambrian to the Carl)onifcrous period, 
there appears to have been little folding, but at or before the close of the 
Carboniferous the rocks of the Appalachian province yielded to the stresses 
from the southeast and gave way to form the geanticline at present found there. 
At the east occur highly disturbed igneous and metamorphic pre-Cambrian 
rocks. Renmants of the later overlying sediments have in many cases been 
enfolded with the metamorphosed rocks and thus preserved. But the great mass 
of the sedimentary rocks lies to the northwest. Those nearest to the Appalachians 
are the oldest, mainly Cambrian, and present numerous great faults and minor 
folds. Northwest, toward Cumberland Gap, the faults become less numerous, the 
folding is less intense, and rocks of later age predominate at the surface. This 
condition exists across most of the Great Valley. The dips there are almost always 
to the southeast. Toward the western edge of the Great Valley a broad anticline, 
sometimes broken with faults, is developed in the Cumberland Gap area. This is 
known as the Powell Valley anticline. West of this is a broad syncline, a part of 
which is discussed in this paper. The western edge of this syncline rises to a 
fault — the Pine Mountain fault. Northwest of Pine Mouptain the strata lie nearly 
horizontally. They dip at a low angle in various directions, but in general toward 
the southeast. 
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GENERAL STRUCTURE OF THE CUMBERLAND GAP COAL FIELD. 

The Cumberland Gap coal iield .structurally is a s} iicline lying between the Pine 
Mountain fault on the north or northwest and the Powell Valley anticline on the 
south. The axis of this syncline lie.s north of the center of the basin, near, but 
usually a little south of, the Cumberland River. At the west the axis passes 
through the Log Mountains, between Clear Creek and Stony Fork. It is concealed 
in the fault belt between Pineville and Cumberland Gap. From the mouth of 
Yellow Creek to the mouth of Hance Creek it about follows the Cumberland River; 
as the river turns to the north it contiiuies eastward, crossing Brownies Creek in 
the neighborhood of Oaks. On Puckett C'reek it has not been very definitely 
located, but in a general way crosses between Blacksniike and Hull branches. Then 
it turns northward and crosses 8a\^lor and Forrester creeks near their mouths, then 
eastward, crossing Jesse Creek near the trail between Forrester and Wallins 
creeks. It crosses Wallins Creek at the mouth of Camp Branch, and Pawing Creek 
at the mouth of Irving Branch. From Harlan eastward it runs through the center 
of Big Black Mountain. 

The rise from this axis to the north is irregular, sometimes being but a few 
feet in the tirst mile; in other cases the rocks rise sharply from the syncline. 
Possibly KX) feet in the first mile would be a fair average. 

At the foot of Pine Mountain the dip is steeper but variable, ranging from 10^ 
to 65"^. Near Chenoa the rocks rise in Pine Mountain with a dip of from 18^ to 
40^. Near Pineville the dip is from 15^ to 30^ north of Laurel Hill, from 20^ 
to 35"^ north of Tanyard Hill, from H>^ to 15"^ near the foot to over 65^ near the 
crest, though it is 45^ to 55 along the crest. Bare faces near these measurements 
seemed to indicate a dip of nearly or (|uite W. Eastward the dip is lower, 
being seldom above 30-, the south slope of the hill is correspondingly longer. 

From the main axis south or southeastward the dip is slight until the foot 
of Cumberland or Brush Mountain is reached. In the Log Mountain region the 
dip from the south is less than lOU feet to the mile on the average, though 
locally it is much higher. On Williams Bmnch the dip downstream will reach 
100 feet or more to the mile. On Hance Creek it avei'ages less than half that; 
and on Puckett. Creek a similar dip of about 50 feet to the mile is found. On 
Wallins Creek the rise above the axis is about 100 feet to the mile. In the area 
near the three forks of the Cumberland, there is a rather high dip just south of 
the axis, then a broad level which includes Catron Creek up to Slater Fork, 
Martins Fork up to Cawood, Bobs Creek, and Turtle Creek. I'p Clover Fork 
above Ages Creek the stratii show an eastward dip of 30 to 40 feet to the mile. 
On Crummies Creek the rocks are slightly lower than in the broad, fiat region 
just spoken of. In man\^ cases local reversed dips are found, as near Ilurst, 
where a southeast dip is found almost at the foot of Cumberland Mountain. In 
general this low rise to the south from the main axis contimies until the valley 
at the foot of Cumberland, or Brush, Mountain is reached, as Clear Fork of 
Yellow Creek, the head of Brownies, Martins Fork, and Cranks Creek. As a 
rule the hills on the north side of these streams show the rocks lying nearly 
horizontal, while the south bank, or often the stream bed, shows sandstones with 
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high and, in a few cases, pei-pendicular dips. Evidentl}- the flexture is a very 
sharp one. The structure of Cumberland Mountain is considered below. In 
addition to the longitudinal flexture noted on Clover Fork, a few transverse folds 
were noted. 

STRUCTURE OF CUMBERLAND MOUNTAIN. 

The structure of Cumberland Mountain presents two types (shown on PI. IX 
and tig. 10). In one type the mountain is a simple monocline, and the rocks all dip 
about uniformly at angles of from 25^ to 50^. In the other type the rocks are 
bent sharply upward at the north foot of the mountain at angles closely approaching 
a right angle, then they arc fractured sharply or bent into a nearly horizontal 
position with a dip of 20^ or less. It is of interest that the second type coincides 
with that portion of the mountains that appears to have been pushed bodily to 
the north. Beginning at Cumberland Gap the valle3\s following the foot of the 
mountjiin lie a mile or more north of a line from the valley of Little Yellow 
Creek to the valley of Martins Fork below the end of Brush Mountain. Over 
much of that distance there is a corresponding northward movement of the 
escarpment on the southern face. Furthermore, at the southwest end the change 
from the first type to the second comes sharply at Cumberland (lap and is closely 
associated with the fault at that point. At the summit of the gap on the west 
side the rocks are quartzitic sandstones that dip N. i)i)' W. at an angle of 65^, 
and no tmce of the Newman limestone is found until the limestone quarry is 
reached at the south foot of the hill, about 1,350 feet south of the gap. On the 
east side of the gap, the Newman limestone outcrops 80 feet a^bove the saddle, 
and dips N. 28^ W. at angles of from 18^ to 25 . On the south side of the 
gap the line of fault, as shown b}^ fragments of limestone on one side of it 
and none on the other, has a direction N. 23^ W. From the gap northward 
the fault appears to run out in the form of a nosing, horizontal fold. On the 
west side of the Harlan road the dip is N. 70^ to 85- W. at angles of from 50^ 
to 55". On the east of that line the dip is N. 5^ E. to N. 25° W. at angles 
of from 15^^ to 32°. Here then is consistent evidence, along several lines, of differ- 
ential movement along the Cumberland Mountains; that is, that the part of the 
Cumberland Mountains between Cuml)erland Gap and the east end of Brush 
Mountain has yielded more to the thrust forces from the southeast than the 
adjacent regions, and the Lee sandstone has there been carried a short distance 
farther north than to the northeast or southwest. In this case it should not be 
supposed that there has been an actual northward movement of a mile or more, 
for a slight elevation combined with the northward movement would throw the 
Han(;e shales which determined the line of the valleys well to the north; and, 
correspondingly, a higher elevation of the Lee sandstone in pre-Cretaceous times 
combined with the north dip would have allowed it to be eroded much farther 
to the north. In fact, a slight elevation of the northward-dipping rocks would 
tend to move the longitudinal valle^'^ and the escarpment northward as indicated 
without actual northward motion on the part of the rocks. The stinicture, 
however, indicates that there has been horizontal as well as vertical motion. In 
the neighborhood of (Cumberland Gap it is evident that part of this movement 
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has been by actual shearing along the Cumberiand Gap fault. The shape of the 
escarpment for 2 or 3 miles southwest of Cumberland Gap suggests that that 
part of Cumberland Mountain was dragged forward at the same time. If so, 
the rocks just north must have been subjected to torsional stresses. That, it 
seems quite possible, may account for the highly folded and faulted condition of 
the shales in the hills immediately about Middlesboro. This folding would also 
seem to satisfy the demand for a shortening or buckling of the strata in that 
region to allow the northwestward movement of the Cumberland Mountain. It 
is quite possible that the folding of the shales that shows at the surface corre- 
sponds with a synclinal dip of the massive Lee sandstones, the sandstones being 
folded while the shales were crushed. Northeast of Cumberland Gap the neces- 
sary shortening vseems to have been obtained in the main by the change in the 
shape of the fold. Part of this shortening may have been obtained by the faulted 
buckle of Rocky Face Mountain. Whether the fault of Rocky Face Mountain 
joins the Cumberland Gap fault could not be determined, but the evidence was 
rather against the theory that it does. It is proljable, however, that if the two 
are not parts of a single fault they belong to one fault system and were pro- 
duced at the same time and by the same force. The Rock}' Face Mountain 
fault will be described below. At the west end of Brush Mountain oc-curs 
another interesting fault, or double fault. In this case the two faults appear to 
meet each other about at right angles, one extending along the strike in Brush 
Mountain, as though there was a break at the sharp fold where the rocks turn 
from nearly vertical to nearly horizontal at the top, while the Shillaly Creek 
fault that meets it at right angles to the strike is followed by Shillaly Creek. 
As nearly as could be determined the mass of rock occurring within the inter- 
secting faults had dropped down at the corner, the edges of the downthrown 
block gradually rising until they join the edges from which they were broken. 
In this case the downthrow has been sufficient to bring down and protect from 
erosion some rocks that appear to belong to the formations overlying the I^e. 
The structure as indicated by the dips is shown in fig. 10. 

Near Hurst the rocks in places tend to buckle in horizontal planes, so that 
strata that on either side have dips of 45^ to 60^ locally are perpendicular or more 
or less overturned, as though lateral stresses, as well as the main transverse stress, 
had been induced, as is suggested by diagram //, fig. 10. 

ROCKY FACE MOUNTAIN FAULT. 

Rocky Face Mountain (fig. 11) as shown on the map is a north-south ridge with 
unusually narrow crest and steep flanks. Structumlly it is a faulted arch with 
downthrow on the west. The rocks involved are the massive Lee sandstones 
and conglomerates. The fault appears to become an anticline at each end and 
to nose out rapidly. At the north end the fold shows plainly on the north side 
of Cannon Creek, the west limb of the anticline being nearl}' perpendicular and 
the east limb dipping N. 82^ E. at an angle of 30°. The conglomerate appears in 
the bed of Cannon Creek and is slightly faulted. The faulting probably begins 
at the creek. The upthrust side rises rapidly, attaining an elevation of over 2,500 
feet. The upthrust strata acquire a dip of from 80° to 87°, the change from a 
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dip of 25^ to one of 80^ at the foot of the mountain taking place in a few feet. 
At the crest the rocks bend sharply almost to the horizontal and then are sharply 
cut off, presenting an almost perpendicular face several hundred feet high. At 
the south end the structure is not entirely clear, but apparently the fault changes 
to an anticline before the south end of th^ mountain is reached, and fairly low 
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dips both southwest and southeast indicate a nosing out of the anticline. The 
disturbance crosses Yellow Creek, but does not appear to extend far into Dark 
Ridge. These features are shown in fig. 11. It seems possible to estimate 
roughly the amount of north-south shortening that has taken place in the buckling 
or arching seen in Rocky Face Mountain. An estimate made by graphically 
plotting to scale the facts as known shows a shortening just along the line 



ROCKY FACE MOUNTAIN FAULT. 



49 



of fracture of from 1,200 to 2,000 feet. Such a fold probably does not extend to 
any great depth. Below the arching Lee sandstone the Pennington shale has 
probably been folded up much as the Hance shales have been at Middlesboro. 
In the case of the Middlesboro area it would seem possible that there exists a 
local synclinal fold in the massive Lee sandstone corresponding in shape to 
the Rocky Face Mountain arch, but reversed. 

In Volume III, new series, of the reports of the Kentucky Geological Survey, 
Professor Shaler argues that the Pine Mountain and other faults of this region 
were formed recently, especially when compared with such features as the 
Powell Valley anticline. The basis for this argument is mainly the small amount 
of erosion that has taken place since the faults were formed. Thus, in the case 
of Pine Mountain, the fault scarp has retreated but little from the original 
plane of faulting, while the Cumberland Mountain scarp has retreated several 
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miles from the axis of the Powell Valley anticline. In all this no account was 
taken of the Cumberland peneplain. This peneplain is believed to have been the 
last stage of a cycle whose end came near the close of the Cretaceous. With 
that in mind it is evident that the present Pine Mountain was below drainage 
from the Carboniferous nearly to the end of the Cretaceous. On the other 
hand the anticlinal structure carried the Lee sandstone east of Cumberland 
Mountain well above the level of the peneplain, where it was subject to erosion, 
and it is more than probable that a large share of the northwestward cutting of 
the Lee sandstone of Cumberland Mountain took place during the production of 
the peneplain. That the Pine Mountain fault has not been produced since 
Cretaceous time is evident from the fact that Pine Mountain, resulting from it, 
was leveled oflf in pre-Cretaceous time. For the same reason it is evident that 
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bolow the 2,5^X>'frxjt lerel did noC begin hen& oitfl aearlr the eod of Cretaceous 
time, eronion that reached down u> the p ff eacn l dninage lereb must have been 
comparatively recenL If. w isuaed abore. there exkte at Middlesborc a local 
synclinal fold in the Lee ssandifUMie. it is po«»ble that a flight farther yielding would 
deepen it and might locally depress the land there, bringing the old drainage lines 
below their former level of outflow and allowii^ the «ilting up of the basin thus 
formed. In this case, while sinking at Middle»boro b certain, there may also have 
been a movement along the fault face at Rocky Face Mountain. Such a movement 
would be closely related to a suhsidenee at Middlesboro. the two movements, if both 
occurred, being but two expre«oas of a angle mdjiiatment. 

There is slight evidenoe of a still mcwe recent movement of similar character, 
though of slight amount in the dip of the Arthur Heigfat:^ gradation plain 
from north to south. This dip amounts to about ^} feet to the mile. It can 
not be asserted that this dip is not due to the diflerential eifects of erosion, but 
it suggests that there has been in comparatively recent time a noticeable tilting 
of the rocks with sinking at the south or uplift to the north. 

GEOLOGY OF THE COAU?, 

GEXERJLI- STATEMKST. 

The first stage of the investigatioo of the coal resourves of any area is usually 
confined to finding and measuring a few scattered outcrops of the coals. This 
work shows, first, that coal is present and may indicate whether it is workable. 
Such data are usually obtained in a more or le^ rapid reconnaissance trip. With 
such data it is not usually possible to make more than guesses at the correla- 
tions of the coals, and little or no idea can be obtained of the persistence or 
reliability of the beds. If the structure be very simple, often a very fair idea 
of its general features may be obtained in such a trip, thou^ minor details that 
are apt to escape observation usually render any attempted correlations unreliable. 
If the structure is obscure or complicated such a trip will reveal little else than 
that fact. The report of the trip will consist of little more than a transcription of 
the field observations following the itinerary of the journey. If a map is published 
it will usually only show the route traversed and the location of points mentioned 
in the text. 

In the second stage of exploration an attempt is made to gather data with 
some degree of uniformitj^ fi'om every part of the field. Differences between 
different surveys of the same field or between surveys of different fields will 
dei>end on the closeness with which the work is done. Thus in a region of 
abundant roads it may be planned to traverse every principal road or every 
public road, or every road, whether public or private, or it may be planned to 
gather all possiblo data between the roads. According as one or the other of 
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these plans is adopted the work would grade from very coarse to very fine. 
In a region like that of the Cumberland Gap, where roads are few and are 
little depended upon, single lines of traverse may be run up the principal creeks 
or along the principal ridges; or, for closer work, lines may be run up the prin- 
cipal branches of the larger creeks, along a few of the larger spurs from the 
principal ridges, to such isolated coal openings as could be learned of, and around 
the hills along the outcrop of some cliff -making sandstone. This was the method 
used in the field work for this report. To illustrate, traverses were made and 
notes taken of all data visible from the line of traverse along Puckett Creek 
from head to mouth and up the following branches: Pounding Mill, Bull, Camp- 
bell, Blacksnake, Mill, Path Fork, Lee, Toms, Jackson Mill, and Mudlick. Several 
trips were made up some of the branches of these branches. Traverses were run 
along nearly the full length of the crest of Jackson Mountain and Brownies 
Ridge, along most of the crest of Reynolds Mountain, and along the spurs on 
the Puckett Creek side at four places. In addition between 20 and 30 indepen- 
dent trips were made to openings on the Puckett and Creech coals, or in 
tracing the Blacksnake or Puckett sandstone. The same amount of time might 
easily have been spent in addition in climbing more of the small side branches, 
all the principal spurs, and in tracing horizontally all the cliff-making sandstones. 
But twice as much time spent would have yielded not twice as much but probably 
only a small fraction of additional useful information. Its main value would have 
been the reduction of the measure of uncertainty now necessaril}- existing in the 
correlations and mapping. A visit was made to almost all, if not all, the artifi- 
cial openings or facings made on the coals, including all that could be learned 
of or at which the coal was reported as still visible, or that could be found by 
following coal float up the slope. The other trips made were scattered over the 
basin as uniformly as possible and often selected with special reference to their 
yielding good sections. The degree of fineness with which such field work is 
done is usually determined by the time and money available for the work and 
by other conditions. 

The third stage of exploration, which usually immediately precedes or accom- 
panies active exploitation, is that in which the knowledge to be derived as above 
is augmented by drillings, test shafts, and more or less continuous facings. In 
a region like this the latter method is tjie one usually followed. Some drain or 
stream which gives clean exposures over much of its extent is followed, and 
wherever the bed is hidden by talus, vertical cuts are made on the side banks. 
Springs that suggest that they come from coal are dug into, and the coal, if 
there, exposed. In many cases where the distance of a given coal above or below 
a sandstone that can be followed is known, measurements are made up or down 
the slope from the sandstone at favorable places and the face of the hill boldly 
dug into for as great a vertical distance as may be necessary until the bloom of 
th^ coal is found; then that is followed until the full thickness of the coal is 
exposed in a fairly unweathered condition, with its roof shale above and under- 
day l)elow. Facings of this kind are especially made when it is desired to map 
accurately and to ''prove" the workability of any particular coal bed. Our 
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to 200 feet above or below the true level. If, in addition to the elevation above 
the mouth of the creek, other elevations had been given, such as the elevation 
above or below some recognizable point on the creek, as the forks, or the foot 
of a prominent cliff (and it is seldom that such a point (»an not be found within 
300 feet vertically of any coal), the limit of error in barometer reading is largely 
eliminated. In man}' cases coals referred to some near-by landmark, either strati- 
graphic or geographic, may be located without a barometer. Because the companies 
interested in the Middlesboro area did not possess this information, it was not 
possible to work into the observed sections much of the data obtained by means 
of special facings, etc. To illustrate: The Red Spring coal, a good 5-foot coal, 
known only through facings, was not only not seen, but, as the barometer only was 
used, its stratigraphic position — that is, its position relative to a prominent sand- 
stone occurring at about its repoi*ted elevation above the streams below — was not 
determined with certainty. Such information is desirable not only in the deter- 
mination of the position of old datum points, but in checking other data in mapping, 
in working out the stratigraphy, or in testing the correctness of assumed correla- 
tions. For the same reason, in this report the attempt is usually made to tie the 
coal data, if high in the hill to some prominent cliff or other recognizable feature. 

Before the present work, the Black Mountains have been mainly in the first 
stage of development. Partial exception should be made of the area between 
Brownies Creek and Yellow Creek and the north end of Jackson Mountain. In 
the area mentioned, Mr. Robert Creech has had a large number of facings made 
on lands recently purchased by him and Mr. Thomas Asher. These have not 
been carried to as great completeness as some of the work in Log Mountains, 
as the facings have usually been confined to a few good beds. Knowledge of this 
part of the field is much more complete than of the districts farther east. 

Because of the completeness of the data in the Log Mountains the description 
of this field will begin at the west and go to the east. A comparison of the 
data given might at first sight lead to the conclusion that the Log Mountains 
contained many more workable coals than the Black Mountains. However, 90 
per cent of our knowledge of the workable coals of the Log Mountains comes 
from mines or artificial facings on the coals, neither of which exist in the Black 
Mountains area, so the difference is not to be wondered at. Thus, of the workable 
coals in the Log Mountains, the Red Spring coal was not measured by us; two 
feet of what was supposed to be it was seen, and a coal bloom supposed to be 
it was noted in two or three places. These data alone do not warrant placing 
it among the possibly workable coals. The Lower Hignite coal was seen and 
measured at three places, none of which were natural outcrops. In like manner 
only a single natural outcrop that could be completel}' measured was seen of 
either the Klondike, Poplar Lick, or Mingo coals, so that had there been no 
mines or artificial facing on these coals the area might have been examined 
without their workability being suspected. 

For convenience in discussion the map of the area as a whole has been 
cut into sections that would conveniently go on a page inserted in the text. 
These page-size portions of the map and the detailed study of the field are here 
taken up by such distri(^ts. In dividing the map the attempt was made to divide 
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il 5i^> that each of these artiticial districts would more or less nearly constitute a 
iMtuml district— that is, so that the coal in the area of one district would lie 
luorv or less nearly in a single body. (See footnote next page.) 

In each district it is, then, planned to discuss, first, the geography of the 
district; second, the stratigraphy; third, the coals, considering their detailed sec- 
tions« and discussing under each coal the persistence of its minor features, its 
average thickness, its roof and floor, and its probable workability; fourth, the 
structure of the field and the position of the coals and key rocks in the hills. 

The graphic method of representing the coals is used. The figures on the 
right side represent the thickness of the benches, those on the left the thickness 
of the partings, or bone coal. At the bottom are summed up the total thickness 
of partings and coal benches and total thickness of seam. In some cases the 
part of the seam that is workable is indicated, as many of the thick seams are 
only workable in part, due to partings or poor quality. In actual experience it 
IB oft»n necessary to leave part of the good coal for floor or roof. It is not 
always possible ahead of actual mining to know when the character of the roof 
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or floor will ncH-cHHitate such ai^tion. The accompanying figure will serve to 
show tlui meaning of the symbols used in the sections. The scale of all the 
coal sections is, 1 in<*.h e(iuals 5 feet; of the columnar sections, 1 inch equals 
300 feet. In the columnar sections an attempt has been made to indicate the 
topographic n^sults obtained l)y the weathering of the different parts of the 
column, esp(»cially as regards the cliff-producing beds. 

In order to sliow as nearly as possible the exact location of the points about 
which data are given, each coal outcrop or mine was given a number in the note- 
lK)oks and th(» corresponding number was placed on the map. These numbers are 
placed conspicuously above the coal sections on the plates of coal sections. The 
same numbers appcuir in parentheses in the body of the text. They begin on 
Little Yellow Creek and in genc^ral run around the mountains from the southwest 
corner tr> the northeast conu»r and back. From 1 to 206 are in the Bennett Fork 
district; from 221 to 420 in Stony Fork-Clear Creek district; from 450 to 1,238 
the numbers become larger from west to east, the highest numbers being east 
of Marian, but as the division into districts was made after the numbering the 
nuinliers are not grouped by districts. 
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Condejised section of principal coals and intervals in Bennett Fork districL 

Bryson formation. Feet. 

H ignite formation: 

Red Spring coal at top 5 

Interval 440 

Lower Hignite coal at bottom 5 

Catron formation: 

Interval :^00 

Klondike coal 5 

Interval 50 

Poplar Lick coal 4 

Mingo formation: 

Inter^^al 230 

Sandstone Parting coal 4 

Interval 285 

Mingo coal 5 

Interval 40 

Fork Ridge sandstone, key nx!k 40 

Interval 360 

Upper Bennett Fork coal 4 

Interval 8-16 

Lower Bennett Fork coal 4 

Hance formation: 

Interval 200 

Tmner coal 4 

Interval 400? 

The following columnar section has been worked out from two sections of 
the coals and intervals in Bryson Mountain, one of which was obtained by 
Mr. J. C. Richardson and the other by Mr. A. R. Crandall. The two sections 
are identical in most features, though each contains some coals omitted in the 
other. The measurements of the intervals are given from the section by 
Mr. Crandall, in the State Mine Inspector's Report for 1893. 

Section of Bryson Mountain. 
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dip of 26° to one of 80^ at the foot of the mountain taking place in a few feet. 
At the crest the rocks bend sharply almost to the horizontal and then are sharpl}' 
cut off, presenting an almost perpendicular face several hundred feet high. At 
the south end the structure is not entirely clear, but apparentl}'^ the fault changes 
to an anticline before the south end of th^ mountain is reached, and fairly low 
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dips both southwest and southeast indicate a nosing out of the anticline. The 
disturbance crosses Yellow Creek, but does not appear to extend far into Dark 
Ridge. These features are shown in fig. 11. It seems possible to estimate 
roughly the amount of north-south shortening that has taken place in the buckling 
or arching seen in Rocky Face Mountain. An estimate made by graphically 
plotting to scale the facts as known shows a shortening just along the line 
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no large movement along Pine Mountain fault has taken place in post-Cretaceous 
time, though small movement may well have occurred. That such movements 
have taken place in the Yellow Creek Valley appears from the discussion of the 
Middlesboro plain in the section on Geography. As stated there, if erosion 
below the 2,500-foot level did not begin here until nearly the end of Cretaceous 
time, erosion that reached down to the present drainage levels must have been 
comparatively recent. If, as stated above, there exists at Middlesboro a local 
synclinal fold in the Lee sandstone, it is possible that a slight further yielding would 
deepen it and might locally depress the land there, bringing the old drainage lines 
below their former level of outflow and allowing the silting up of the basin thus 
formed. In this case, while sinking at Middlesboro is certain, there may also have 
been a movement along the fault face at Rocky Face Mountain. Such a movement 
would be closely related to a subsidence at Middlesboro, the two movements, if both 
occurred, being but two expressions of a single readjustment. 

There is slight evidence of a still more recent movement of similar character, 
though of slight amount in the dip of the Arthur Heights gradation plain 
from north to south. This dip amounts to about 20 feet to the mile. It can 
not be asserted that this dip is not due to the differential effects of erosion, but 
it suggests that there has been in comparatively recent time a noticeable tilting 
of the rocks with sinking at the south or uplift to the north. 

GEOLOGY OF THE COALS. 

GENERAIi STATEMENT. 

The first stage of the investigation of the coal resources of any area is usually 
confined to finding and measuring a few scattered outcrops of the coals. This 
work shows, first, that coal is present and may indicate whether it is workable. 
Such data are usually obtained in a more or less rapid recx)nnaissance trip. With 
such data it is not usually possible to make more than guesses at the correla- 
tions of the coals, and little or no idea can be obtained of the persistence or 
reliability of the beds. If the structure be very simple, often a very fair idea 
of its general features may be obtained in such a trip, though njinor details that 
are apt to escape observation usually render any attempted correlations unreliable. 
If the structure is obscure or complicated such a trip will reveal little else than 
that fact. The report of the trip will consist of little more than a transcription of 
the field observations following the itinerary of the journey. If a map is published 
it will usually only show the route traversed and the location of points mentioned 
in the text. 

In the second stage of exploration an attempt is made to gather data with 
some degree of uniformity from every part of the field. Differences between 
different surveys of the same field or between survej's of different fields will 
depend on the closeness with which the work is done. Thus in a region of 
abundant roads it may be planned to traverse every principal road or every 
public road, or every road, whether public or private, or it may be planned to 
gather all possible data between the roads. According as one or the other of 
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these plans is adopted the work would grade from very coarse to very fine. 
In a region like that of the Cumberland Gap, where roads are few and are 
little depended upon, single lines of traverse may be run up the principal creeks 
or along the principal ridges; or, for closer work, lines ma}^ be run up the prin- 
cipal branches of the larger creeks, along a few of the larger spurs from the 
principal ridges, to such isolated coal openings as could be learned of, and around 
the hills along the outcrop of some cliff-making sandstone. This was the method 
used in the field work for this report. To illustrate, traverses were made and 
notes taken of all data visible from the line of traverse along Puckett Creek 
from head to mouth and up the following branches: Pounding Mill, Bull, Camp- 
bell, Blacksnake, Mill, Path Fork, Lee, Toms, Jackson Mill, and Mudlick. Several 
trips were made up some of the branches of these branches. Traverses were run 
along nearly the full length of the crest of Jackson Mountain and Brownies 
Ridge, along most of the crest of Reynolds Mountain, and along the spurs on 
the Puckett Creek side at four places. In addition between 20 and 30 indepen- 
dent trips were made to openings on the Puckett and Creech coals, or in 
tracing the Blacksnake or Puckett sandstone. The same amount of time might 
easil}^ have been spent in addition in climbing more of the small side branches, 
all the principal spurs, and in tracing horizontally all the cliff-making sandstones. 
But twice as much time spent would have yielded not twice as much but probably 
only a small fraction of additional useful information. Its main value would have 
been the reduction of the measure of uncertaint}'^ now necessarily existing in the 
correlations and mapping. A visit was made to almost all, if not all, the artifi- 
cial openings or facings made on the coals, including all that could be learned 
of or at which the coal was reported as still visible, or that could be found by 
following coal float up the slope. The other trips made were scattered over the 
basin as uniformly as possible and often selected with special reference to their 
yielding good sections. The degree of fineness with which such field work is 
done is usually determined by the time and money available for the work and 
by other conditions. 

The third stage of exploration, which usually immediately precedes or accom- 
panies active exploitation, is that in which the knowledge to be derived as above 
is augmented by drillings, test shafts, and more or less continuous facings. In 
a region like this the latter method is t{ie one usually followed. Some drain or 
stream which gives clean exposures over much of its extent is followed, and 
wherever the bed is hidden by talus, vertical cuts are made on the side banks. 
Springs that suggest that they come from coal are dug into, and the coal, if 
there, exposed. In many cases where the distance of a given coal above or below 
a sandstone that can be followed is known, measurements are made up or down 
the slope from the sandstone at favorable places and the face of the hill boldly 
dug into for as great a vertical distance as may be necessary until the bloom of 
th^ coal is found; then that is followed until the full thickness of the coal is 
exposed in a fairly unweathered condition, with its roof shale above and under- 
clay ])elow. Facings of this kind are especially made when it is desired to map 
accurately and to "prove" the workability of any particular coal bed. Our 
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knowledge of the Creech coal in Jackson Mountain was entirely derived from 
facing of this character. 

In exploration in the * first stage little attention is paid to the topography. 
In the second stage it is necessary that there be available a topographic map of 
the area imder investigation, or that a topographic map of more or less accuracy 
be constructed at the same time that the geologic work is done. In the third 
stage practically all datum points are leveled to. In the first stage little or no 
attention is given to the structure, and often very little to the stratigraphy, as a 
whole or in any detail. In the second stage all the major features, both of the 
structure and stratigraphy, are worked out and as large a share of the minor 
features as the time will allow. In the third stage an attempt is made to obtain 
both the structure and stratigraphy in detail and without breaks in the continuity — 
the stratigraphy by deep borings and long vertical facings, the structure by boring 
to a particular bed or facings on a particular bed, or by the instrumental following 
of the outcrop of some key rock. 

In the Cumberland Grap coal field, up to the opening up of the field west of 
Middlesboro, exploration of a public or semipublic nature had been only of the 
first stage. Of this character is the report of an examination of this area made 
in 1887 by Messrs. McCreath and d'Invilliers for the Louisville and Nashville 
Kailroad. Since the opening up of the field about Middlesboro much of the 
exploration in the Log Mountains has reached the third stage. Both the American 
Association Incorporated and the Louisville Property Company (formerly the Log 
Mountain Coal, Coke, and Timber Company), with large interests in the Log 
Mountains, have had extensive facings done at a large number of places in those 
mountains, so that it is probable that there are to-day sections of all the coal beds 
to be found along the several streams examined. Much of this work was done under 
the supervision of Mr. A. R. Crandall, insuring its reliability. Probably much 
more work has been done under the direction of Mr. J. C. Richardson for the first 
company and of Mr. J. R. Justice for the second company of equally or more 
accurate character, because largely based on actual levels. In this latter work may 
be mentioned the preparation of a detailed map of the Poplar Lick coal in Canadia 
Ridge, with exact levels on a large number of facings on the coal. In addition 
to data of this character, there is now available a large amount of data obtainable 
from the mines being operated along Bennett Fork and being opened along Stony 
Fork. Unfortunately no one horizon has been faced or traced uniformly throughout 
this portion of the field, nor have the coal data. been compared to stratigraphic 
bench marks in such a way that now, when most of the facings have disappeared, 
it is possible to locate accurately the position or elevations of datum points. For 
example, Mr. Crandall's work may give the thickness of a coal reported at 1,300 feet 
above the mouth of a given stream. If the data were originally obtained with a 
barometer, the chances are that later another barometer may not give the same 
reading within 50 or 100 feet of the actual position of the coal; if the fii-st 
determination was by spirit level or stadia, the position may be later determined 
accurately by a repetition of the instrumental leveling, but only approximately by 
the barometer, and the datum point may be sought at an elevation of from 10 
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to 200 feet above or below the true level. If, in addition to the elevation above 
the mouth of the creek, other elevations had been given, such as the elevation 
above or below some recognizable point on the creek, as the forks, or the foot 
of a prominent clitf (and it is seldom that such a point can not be found within 
300 feet vertically of any coal), the limit of error in barometer reading is largely 
eliminated. In many cases coals referred to some near-by landmark, either strati- 
graphic or geographic, may be located without a barometer. Because the companies 
interested in the Middlesboro area did not possess this information, it was not 
possible to work into the observed sections much of the data obtained by means 
of special facings, etc. To illustrate: The Red Spring coal, a good 5-foot coal, 
known only through facings, was not only not seen, but, as the barometer only was 
used, its stratigraphic position — that is, its position relative to a prominent sand- 
stone occurring at about its reported elevation above the streams below — was not 
determined with certainty. Such information is desirable not only in the deter- 
mination of the position of old datum points, but in checking other data in mapping, 
in working out the stratigraphy, or in testing the correctness of assumed correla- 
tions. For the same reason, in this report the attempt is usually made to tie the 
coal data, if high in the hill to some prominent cliflf or other recognizable feature. 

Before the present work, the Black Mountains have been mainly in the first 
stage of development. Partial exception should be made of the area between 
Brownies Creek and Yellow Creek and the north end of Jackson Mountain. In 
the area mentioned, Mr. Robert Creech has had a large number of innings made 
on lands recently purchased by him and Mr. Thomas Asher. These have not 
been carried to as great completeness as some of the work in Log Mountains, 
as the facings have usually been confined to a few good beds. Knowledge of this 
part of the field is much more complete than of the districts farther east. 

Because of the completeness of the data in the Log Mountains the description 
of this field will begin at the west and go to the east. A comparison of the 
data given might at first sight lead to the conclusion that the Log Mountains 
contained many more workable coals than the Black Mountains. However, 90 
per cent of our knowledge of the workable coals of the Log Mountains comes 
from mines or artificial facings on the coals, neither of which exist in the Black 
Mountains area, so the difference is not to be wondered at. Thus, of the workable 
coals in the Log Mountains, the Red Spring coal was not measured by us; two 
feet of what was supposed to be it was seen, and a coal bloom supposed to be 
it was noted in two or three places. These data alone do not warrant placing 
it among the possibly workable coals. The Lower Hignite coal was seen and 
measured at three places, none of which were natural outcrops. In like manner 
only a single natural outcrop that could be completely measured was seen of 
either the Klondike, Poplar Lick, or Mingo coals, so that had there been no 
mines or artificial facing on these coals the area might have been examined 
without their workability being suspected. 

For convenience in discussion the map of the area as a whole has been 
cut into sections that would conveniently go on a page inserted in the text. 
These page-size portions of the map and the detailed study of the field are here 
taken up by such districts. In dividing the map the attempt was made to divide 
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it SO that each of these artificial districts would more or less nearly constitute a 
natural district — that is, so that the coal in the area of one district would lie 
more or less nearly in a single body. (See footnote next page.) 

In each district it is, then, planned to discuss, first, the geography of the 
district; second, the stratigraphy; third, the coals, considering their detailed sec- 
tions, and discussing under each coal the persistence of its minor features, its 
average thickness, its roof and floor, and its probable workability; fourth, the 
structure of the field and the position of the coals and key rocks in the hills. 

The graphic method of representing the coals is used. The figures on the 
right side represent the thickness of the benches, those on the left the thickness 
of the partings, or bone coal. At the bottom are summed up the total thickness 
of partings and coal benches and total thickness of seam. In some cases the 
part of the seam that is workable is indicated, as many of the thick seams are 
only workable in part, due to partings or poor quality. In actual experience it 
is often necessary to leave part of the good coal for floor or roof. It is not 
always possible ahead of actual mining to know when the character of the roof 
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or floor will necessitate such action. The accompanying figure will serve to 
show the meaning of the symbols used in the sections. The scale of all the 
coal sections is, 1 inch equals 5 feet; of the columnar sections, 1 inch equals 
300 feet. In the columnar sections an attempt has been made to indicate the 
topographic results obtained by the weathering of the different parts of the 
column, especially as regards the cliff-producing beds. 

In order to show as nearly as possible the exact location of the points about 
which data are given, each coal outcrop or mine was given a number in the note- 
books and the corresponding number was placed on the map. These numbers are 
placed conspicuously above the coal sections on the plates of coal sections. The 
same numbers appear in parentheses in the body of the text. They begin on 
Little Yellow Creek and in general run around the mountains from the southwest 
corner to the northeast corner and l)ack. From 1 to 206 are in the Bennett Fork 
district; from 221 to 426 in Stony Fork-Clear Creek district; from 450 to 1,238 
the numbers become larger from west to east, the highest numbers being east 
of Harlan, but as the division into districts was made after the numbering the 
numbers are not grouped by districts. 
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Condensed section of principal coals and intervals in Bennett Fork district. 
I 

Bryson lormation. Feet. 

H ignite formation: 

Red Spring coal at top 5 

Interval 440 

Lower Hignite coal at bottom 5 

Catron formation: 

Interval :^00 

Klondike coal 5 

Interval 50 

Poplar Lick coal 4 

Mingo formation: 

Interval 230 

Sandstone Parting coal 4 

Interval 285 

Mingo coal 5 

Interv^al 40 

Fork Ridge sandstone, key rock 40 

Interval 360 

Upper Bennett Fork coal 4 

Interval 8-16 

Lower Bennett Fork coal 4 

Hance formation: 

Interval 200 

Turner coal 4 

Interval 400? 

The following columnar section has been worked out from two sections of 
the coals and intervals in Bryson Mountain, one of which was obtained by 
Mr. J. C. Richardson and the other by Mr. A. R. Crandall. The two sections 
are identical in most features, though each contains some coals omitted in the 
other. The measurements of the intervals are given from the section by 
Mr. Crandall, in the State Mine Inspector's Report for 1893. 
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Se<:tion of Bryson MdurUain — Continued. 



57 



No. on 
map. 



65 

66 

67 

68 

68a 

69 

70 

71 

71o 

716 

71c 

71rf 

72 

72fl 

73 

74 

75 

76 

77 

78 



stratum. 



Thickness, '^^^ei^*^^' 



Ft. in. 
6 

8 
70 



Coal, Lower Uignite 

Interval 

Coal, thin 

Interval 

Coal 

Interval 

C^al 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal 



4 9 
44 

1 

9 

2 




5 



Coal 

Interval | 100 

Coal 

Interval, sandstone and shale 

Coal, with parting 

Interval, shale 

Coal 

Interval, shale 44 

Cannel and slate 

Interval (?) 

Coal 

Interval (?) 

Coal 

Interval, shale, shaly sandstone 

Coal 

Interval 

Coal, thin 

Interval 

Coal, thin 

Interval 20 

Coal, thin 

Interval 12 

Coal, thin 

Interval 



5 

1 2 

70 

1 6 

10 







14 



5 
10 



Interval, shale 26 



Ft. in. 
270 11 

370 11 

371 7 
441 7 
446 
490 
491 
535 
53^ 
541 
541 
546 
547 
617 



4 
4 
4 
4 
1 
1 
3 
3 
5 
5 

618 11 
628 11 



632 11 
652 11 



664 11 



678 11 
684 
694 



70 





764 







8 


764 


8 


54 





818 


8 


1 


8 


820 




24 





844 




2 


9 


847 




6 





853 






10 


853 


11 


8 





861 


11 


1 


3 


863 


o 


8 





871 


2 


1 


3 


874 


5 


26 





892 


5 



58 



CLMBEBLAND GAP COAL FIELD, KENTUCKY- 
Section of Bryson Mountain — Continued. 



No. on 
map. 



Thickness. 



Total thick- 
ness. 



79 Coal and clay. 

Interval 

Coal 



80 



ft in. 

2 11 

40 

1 6 



Interval, sandstone, lihale 

81 Coal, Klondike (Bryson Mountain) . 
Interval, shale 

82 Coal, Poplar Lick, upi)er bench 

Interval 

83 , Coal, Poplar Lick, lower bench 

Interval 

Coal 



84 



85 



110 
3 

35 
1 
6 
1 

20 
1 



Interval i 190 



86 



87 



89 



3 2 

70 

1 8 

(«) 

1 3 

Interval : (ft) 

Coal 8 

Interval 104 

Coal 2 



Coal, Sandstone Parting . 

Interval 

85a Cannel shale 

Interval 

Coal 



Interval 

Coal, Mingo . 



30 
5 8 



FL 

901 

941 

942 
1,052 
1,056 
1,091 
1,093 
1,099 
1,100 
1,120 
1,122 
1,312 
1,315 
1,385 
1,386 11 
1,396 11 
1,398 
1,422 
1,422 
1,526 
1,528 
1,558 
1,564 



4 
4 

11 
11 
7 
7 
1 
1 
9 
9 


2 
2 



a 8 or 10 feet. 



^22 or 24 feet 



SECTIONS IN BENNETT FORK DISTRICT. 

On Puncheon Camp Creek the following section was obtained: 

Section up Puncheon Camp Creek. 
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This section does not show the Sandstone Parting coal, nor many of the smaller 
coals. It gives a little better idea of the details of the stratigraphy and what may 
be found on the slopes of the Log Mountains, or rather it shows how little is to be 
found, for it has been compiled by combining three sections, and onl}'^ two of the 
coals whose thickness is given were seen in natural outcrop. 
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Mr. A. R. Crandall has prospected the coals on Slickrock Brauch and 
Martin Branch of Stony Fork, and prepared the two following sections: 

SectUm on Slickrock Branch of SUmy Fork {PL XII). 



No. on 
map. 



Stratum. 



ThicknesB. 



150 

I 
151 I 

162 

153 

154 

155 i 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 



Interval from top . 

Cannel shale 

Interval 

CJoal, Hignite 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal 

Interval 



Ft. in 

20 : 



Coal, Klondike... 

Interval 

Coal, Poplar Lick. 
Interval 



2 
60 

2 
70 

2 
105 



Coal 

Interval 

Coal 

Interval 

Coal, Sandstone Parting 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal, thin 

Interval 

Coal, position of Mingo (?) . 

Interval 

Coal 

Interval 

Coal 

Interval to mouth of creek. 



30 

2 

35 

170 

3 

110 



30 

1 

40 

120 

1 

190 



Total thick- 
ness. 



130 

3 9 

30 

8 

20 



10 

7 

9 




3 8 





7 



6 



5J 





Ft, 
20 
20 
150 
153 
183 
184 
204 
207 
267 
269 
339 
342 
447 
451 
481 
883 



15 



60 



in, 



9 
9 
5 
5 
3 
3 

10 

10 
7 
7 
3 
3 

10 



918 10 



919 


4 


1,089 


4 


1,092 


10 


1,102 


10 


1,102 


10 


1,117 


10 


1,117 


10 


1.177 


10 


1,177 


10 


1,207 


10 


1,209 


6 


1,249 


6 


1,250 





1,370 





1,371 


6 


1,561 


6 
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Section on Martin Branch of Stony Fork {PL XII). 
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No. on 
map. I 



Stratum. 



Inten-al to top. 



173 ■ Coal 



I 



174 
175 
176 
177 
178 
179 



Interval 

C^l 

Interval 

Coal, Red Sprinj? 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal 



Interval . 

Coal.... 

i Inter\'al. 



180 Coal 



I 

181 j 

182 I 

I 

183 I 

i 

184 I 
185 
186 
187 
188 
189 
190 
191 
192 



Interval, with sandstone. 

Coal 

Interval 

Coal 



Interval 

Coal, Upper Hignite . 
Interval 



Coal, Lower H ignite . 
Interval 



Coal .... 
Interval . 
Coal.... 
Interval . 
Coal .... 
Interval . 
C^l.... 
Interval . 



Coal 

Inter\'al 

Coal, Klondike (?) 

Interval 

Coal, Klondike (A. R. C. ), Poplar Lick (G. H. A. ) - 

Interval 

Coal, Poplar Lick (A. R. C.) 

Interval 



Thicknen. 



J_ 



Ft. in. 
40 
10 



4i 

6 

10 

2 

8 

6 

2 

1 

9 

5 

6 



8 

2 



25 

1 
55 

5 
20 

1 
30 

2 
50 

3 
60 

2 
70 

60 

3 
60 

3 
115 

2 
25 

4 
30 

110 

1 

60 

1 

20 

1 



25 





2 


1 


30 





4 


9 


110 





4 





30 





2 


3 


80 






Total thick- 
neas. 



FL in. 

40 

40 10 

65 10 

66 10 
121 10 



126 
146 
147 
177 
180 
230 
233 
290 
293 
363 



860 

861 

886 

888 

918 

923 

1,033 

1,037 

1,067 

1,069 

1,149 



363 11 

423 11 

427 1 

487 1 

490 2 

605 2 

607 11 

632 11 

637 4 

667 4 

667 10 

777 

778 10 
838 10 
840 6 



6 
8 
8 
9 
9 
6 
6 
6 
6 
9 
9 
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Section on Martin Branch of Stony Fork {PL XII) — Continued. 



No. on 
map. 



Stratum. 



I 
193 ' Coal 



Thickness. 

Ft. in. 
1 2 



Interval i 100 



194 ! Coal, Sandstone Parting . 

I Interval 

: Cannel shale 

ia5 Coal 

Interval 

196 I Coal 



4 6 

70 

1 

6 

35 



Interval , 100 



197! 



198 
199 



Coal 1 

Interval 

Coal 

Interval 

Coal, Mingo(?) 2 5 j 1,515 

Space to mouth of hranch ' 100. \ 1,615 



I 



20 

1 3 

:io 

2 5 



Total thick- 
new. 



Ft. in. 
1,150 11 
1,250 11 
1,255 5 
1,325 
1,325 
1,326 
1,361 
1,361 
1,461 
1,462 
1,482 
1,483 
1,513 



The coal thicknesses given in this section on PL XII exclude the partings. 
The section at the Mingo No. 1 mine and Mingo Mountain, opposite the mouth 
of Puncheon Camp, or New Cabin Creek, is as follows: 

Section at Mingo miytes. 



No. op 
map. 



Stratum. 



Thickness. 



41 



42 



43 



Coal, Klondike 3 

Interval, hidden 24 

Clay shale 12 

Coal, Poplar Lick 3 

Sandstone 15 

Interval 40 

Sandstone 10 

Shale 30 

Inter\'al 110 

Shale 15 

Coal, Sandstone Parting 5 

Clay shale 40 

Interval 50 

Sandstone 15 

Shale '. 5 



Total thick- 
ness. 



in. 


Ft. 


in. 


6i 


3 


6 





27 


6 





30 


6 


10 


48 







58 







98 







108 







138 







248 







263 




2 


268 


6 





318 


6 





358 


6 





373 


6 





378 


6 
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'JSectioti at Mimjo mines — Continual. 
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No. on 
map. I 



Stratum. 



45 



46 



44 Coal, reported, with partings 

Interval, shale at Nicholson mine 

Coal 

Sandstone 

Shale 

Coal, Mingo (type locality) 

Interval 

47 I Coal 

Sandstone, Fork Ridge principal key rock . 

Shale 

Interval 

Sandstone, lower cliff maker 

Shales f 

Coal and shale 

Shale 



Thickness. 



Ft. in. 

(«) 
155 
1 10 
20 



ToUl thick- 
neK8. 



1 

5 

40 

40 
20 

m 

40 

(0 

2 
10 



Ft. in. 
;«2 6 
537 
539 
559 
560 
565 9 
6a5 9 



606 
646 
666 
726 
766 
769 
772 



782 1 



I 



a 3 to 4 feet. 



ft 8 to 10 inches. 



flinches to 2 feet. 



Parts of the section at Yellow Creek mine will give some idea of what lies below 
the Fork Ridge sandstone. 

Part of nectw)i at Yelloir Creek mine. 



No. cm 
map. 



Thickness. 



31 
30 



29 



I Ft. in. 

Fork Ridge sandstone (exposed ) 20 

Interval i 60 

Sandstone, lower cliff maker (exposed ) 10 

Shale 80 

Coal, bloom 

Clayshale ! 20 

Coal • 3 6 

Sandstone 4 

Shale .' 70 

Sandstone, shaly ' 15 

Shale 35 

Sandstone, shaly and laminated I 10 

Shale 20 

Coal, reported 15 inches , 9 

Interval ' 10 

Sandstone in beil of Bennett Fork (section continued from bluff oppo- 
site Bennett Fork mine). 1 



Total thick- 
ness. 


/7. 


in. 


20 





80 





90 





170 





170 





190 





193 


6 


197 


6 


267 


6 


283 


6 


318 


6 


328 


6 


348 


6 


:U9 


3 


359 


3 
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Part of section at Yellow Creek mbie — Continued. 



No. on 
map. 



26 



25 



24 



23 



Stratum. 



Interval 

Sandstone, massive, makes small eliffe 

Coal, Upper Bennett Fork 

Clav 



Sandstone 

Clay shale, light drab . 
Coal 



Shale, thin beds of sandstone . 

Coal, 2 inches to 

Shale 

Sandstone, massive to bedded 
Coal, Lower Bennett Fork 



Thickness. 


Total thick- 
ness. 


Ft. 


in. 


Ft. in. 


120 





479 3 


20 





499 3 


4 


4 


503 7 


2 





505 7 




8 


606 3 


3 





509 3 




6 


509 9 


6 





515 9 




4 


516 1 


3 





519 1 


20 





539 1 


2 





541 1 



To show the variation in the interval between the two Bennett Forks coals, the 
following section, taken a little above the Bennett Fork mine, is instructive. 

Section betxoeen two Bennett Fork coals near Bennett Fork mine. 



No. on 
map. 



28 



Stratum. 



Sandstone, with shale partings. 

Clay shale 

Coal, Upper Bennett Fork 

Clay shale .^ 

Sandstone 



Thickness. J N^' ?" 
I map. 



Stratum. 



Ft. in. 




6 



27 



Shale 

Sandstone 

Shale 

Coal, Lower Bennett Fork . 



Thickness. 



Ft. 

1 
(«) 
(^) 

3 



in. 



a 6 inches to 1 foot. b to 6 inches. 

Section near mouth of Bennett Fork, 



No. on 
map. 



21 



Stratum. 



I 



Thickness. 



Ft. in. 



No. on 
map. 



Sandstone, shaly, with shale 

partings : 10 

Coal, Upper Bennett Fork 3 

Interval, hidden ' 70 

Interval, mostly sandstone 70 

Sandstone 30 



19 



stratum. 



Shale , 

Coal, bloom 

Shale 

Sandstone and interbedded 
shale, makes cliffs at mouth 
of vallev 



Thickness. 


Ft 


in. 


30 










20 






40 



CORRELATIONS. 
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A section of the rocks believed to lie between this and the Cawood sandstone 
is exposed in the road from Middlesboro to Fern Lake. 



139 



138 



137 



Section on Fern Lake road. 



No. on I 
map. 1 



Stratum. 



I 



Thickness. 


Ft. 


in. 


10 





5 





1 





70 











Sandstone, thought to be the 
same as at bottom of last sec- 
tion 

Shale 

Coal 

Shale 

Coal, thin 

Shale, pinkish, dark blue at I 
bottom ' 30 

Sandstone, shaly 1 6 

Shale 1 

Sandstone, shaly 6 

Shale 1 

Coal ^ 0-2 



No. on 
map. 



136 



135 



134 



133 



Stratum. 



Thicknesfl. 



Shale 

Sandstone, shaly 

Shale 

Coal 

Shale, drab to light brown 

Coal 

Shale, dark drab 

Coal, with partings 

Sandstone, light brown, soft, 
shaly 

Coal 

Fire clay, light drab 

Shale, light drab 



Ft. in. 

10 

5 

6 
2 

30 

2 

9 
(«) 



13 

1 

4 

3 



a 4 to 9 inches. 



CORRELATIONS. 

'the Mingo coal may be taken as a basal stratum along Bennett Fork, as it can 
be certainly traced along that stream from the Yellow Creek mine to where it passes 
under drainage at the Ralston No. 1 mine. With nearly, if not quite, equal 
certainty, the Fork Ridge sandstone, 40 feet below, was traced around Fork 
Ridge to the point where it passes under Stony Fork above the mouth of Coal 
Creek, though the Mingo coal is not definitely recognized on Stony Fork. 
Between 200 and 250 feet above the Mingo coal occurs the Sandstone Parting coal 
which can be traced around Fork Ridge. Above that 250 to 200 feet occur two 
workable coals within 30 to 50 feet of each other. It has been assumed that one of 
these — probably the lower one — is the Poplar Lick bed of Canada Ridge. On the 
Stony Fork side of Fork Ridge only one thick coal occurs at this horizon, which 
Mr. Crandall assumed to be the Klondike coal (Bryson Mountain coal of his report). 
On the north side of Stony Fork the Poplar Lick coal is everywhere workable, while 
about 115 feet above it is another coal locally workable. A comparison of the coal 
sections on Slickrock and Martin branches of Stony Fork with sections on Hignite, 
Coal Branch, and upper Stony Fork, and the intervals between the coals leads to 
the conclusion that the 4-foot coal upon the south side of Stony Fork corresponds 
with the Poplar Lick coal. Since the completion of the field work for this report 
Mr. David White, paleontologist of the Survey, visited the Bennett Fork field, and 
he calls attention to the fact that in that area the Klondike coal always contains 
pyritized marine fossil shells, while the Poplar Lick coal, as it is correlated on 



66 OUMBEBLAND GAP OOAL FIELD, KENTUCKY. 

Bennett Fork, carries only plant remains. With these data in mind examination 
made now would probably settle the question of the correlation of the 4- foot coal 
on the south side of Stony Fork, called by Mr. Crandall the Bryson Mountain coal. 
According to our interpretations, the coal worked at the Klondike mine on 
Bennett Fork corresponds with the coal 100 to 125 feet above the Poplar Lick 
coal in Canada Ridge, and with a 2- to 3-foot coal an equal distance above the ''4:-foot 
coal" C Bryson Mountain coal," of Mr. ('randall) on the north side of Fork Ridge. 
The correlation of the Turner coals is also in doubt. In the field they were 
thought to be the same as the Bennett Fork coals, and have generally been so 
considered. The data, however, seem to indicate that they are lower than the 
Bennett Fork coals. In the first place, a number of openings have been made 
on the lower of these coals in the eastern part of Mingo Mountain, and the 
sections obtained at these openings agree within a few inches, indicating persist- 
ence of detail ; but they are quite different from the sections of the Lower 
Bennett Fork coal near the mouth of Bennett Fork. Second, the 200 feet of 
strata below the Bennett Fork coal at the mouth of Bennett Fork are largely 
sandstone (see p. 64). As exposed on the Fern Lake road, the 200 feet of 
strata below the Turner coals are almost exclusively shale. Near the mouth of 
Bennett Fork the strata have a strong dip to the west (15 feet in 100 feet), 
which carries the Bennett Fork coal from creek level, a little above the Bennett 
Fork mine, to 220 feet above the creek at a wagon mine near the mouth of the 
fork, or to about 1,400 feet above tide. The Turner coal at the Turner mine 
is about 1,430 feet above tide. On George Creek, which lies between the 
Turner mine and the mouth of Bennett Fork, were found several openings on 
two beds at 1,230 and 1,240 feet above tide (Nos. 16, 17) that were thought 
to correspond with the Upper and Lower Turner coals. If that correlation is 
correct, it would appear that the rise at the mouth of Bennett Fork continues 
to the east, so that the Bennett Fork coal would lie just about at the level of 
the gap at the head of the branch on which the Turner mine is located. East 
of the Turner mine the dip is to the east. The question could doubtless be 
settled in the field by actually tracing the sandstone. 

COALS. 

COALS OF HANCE FORMATION. 

TURNER COALS. 

Several openings have been made on the lower of two coals on Lane Branch 
of Yellow Creek in the eastern part of Mingo Mountain, and on the south side 
of the same mountain, facing Fern Lake. The Turner mine was opening up on 
a commercial scale when visited in 1903 and therefore the name has been applied 
to those coals. At the Turner mine the two coals are 20 feet apart. No section 
of the upper coal was seen, but it is supposed that the two coals of the 
following section, reported by McCreath and d'Invilliers, are the coals at the 
Turner mine and immediately above. 
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Sections of Jim Meyers (Tumerf) coal, Mingo Mountain {McC, and (VL). 

Sandstone roof. 

Upper Turner coal: 

'^ Ft. in. 

Coal 1 

Slate, 1 inch to 4 

Coal 1 1 

Black clay, inch to 2 

Coal 5 

Fire-clay (? ) shale 11 

Coal , 1 2 

Clay shale and sandstone 8 

Coal 5 

Clay 9 

Sandstone 2 

Shale 1 3 

Cannel coal, impure 1 J 

Coal 1 5 Ft. in. 

8 Hi 

Interval, mostly sandstone 20 

Lower Turner coal: 

Coal 1 8 

Slate 2J 

Coal 2 4 

4 2i 

Messrs. McCreath and d'Invilliers describe the coal at this point as having a 
high southeasterly dip and slickensides and polished surfaces. The possibility of 
error in the measurements is admitted. At an opening in the lower coal on the 
east side of Lane Branch measurements gave from 18 to 25 inches of coal in the 
upper bench, 26 inches of coal in the lower bench, with from 2 inches to 1 foot of 
clay between (9). This agrees so closely with the above section that it leaves little 
doubt that it is the same coal. At most of the openings where this coal was meas- 
ured the partings were over a foot thick. On the west side of Turner Bmnch oppo- 
site the opening last mentioned the upper bench measures 30 inches, the lower 26, 
and the clay partings 16. A sandstone comes 1 foot below the coal. At the Turner 
mine the upper bench measured 25 inches, the lower 24 inches, with a 20-inch part- 
ing between (13). There is a clay shale roof of 5 feet, with sandstone above that. 
On Little Yellow Creek above Fern Lake this lower coal shows 2 benches as in 
the openings just mentioned, the upper being 28 inches, the lower 23, with 8 feet 
plus of shale roof, and light-drab fire clay below (7). Above the shale roof there 
is sandy shale or shaly sandstone for 12 feet or more. Taken as a whole this lower 
coal has a roof of from 1 to 5 feet of shale with sandstone above. The thickness 
of the upper bench ranges from 18 to 30 inches, and averages as far as seen about 
2 feet; that of the lower bench ranges from 22 to 28 inches, and averages about 
26 inches. The parting is from 2 to 20 inches thick and averages about 1 foot. 
Beneath thei-e is from 1 to 4 feet or more of drab fire claj^ underlain by sandstone. 
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COALS OF MINGO FORMATION. 
BENNETT FORK COALS. 

These coals are so named because the uppermost of them is extensively mined 
on Bennett Fork at the Winona mine. They are here reported 16 feet apart; 
a short distance west they were exposed in old openings only 8 feet apart 
(see section, PI. XI). At the Bennett Fork mine the upper coal ranges from 3 
feet 6 inches to 6 feet in thickness, with an average of 4 feet (23). The section 
shows an upper bench of 6 inches, then a parting of 6 inches underlain by one- 
half inch to li inches of bone coal, which forms the top of the middle bench 12 
inches thick. Below that is a 2-inch parting; then comes the main bench 20 inches 
thick, with another 2-inch parting separating 3 inches of coal at the bottom. The 
roof is sandstone. Mining is in the upper 2-inch clay of the section. Where the 
coal shows its greatest thickness all the benches have thickened up, the coal gaining 
more than the clay, the upper bench at such times thickening from 6 inches to 
1 foot. A thin streak of sulphur runs 1 inch from the bottom of the 1-foot bench. 
The top and bottom benches are the purest. The roof consists of 15+ feet of 
sandstone separated from the coal by from 1 foot to 8 inches of shale. The lower 
coal at this point is reported to be 4 feet thick with a very hard parting 1 foot 
thick. According to the section by McCreath and d'Invilliers, this parting is more 
than half sandstone. 

The various sections of the upper coal show considerable regularity; thus at 
the north side of Bennett Fork (20) the coal has a total thickness of 44i inches in 
four benches — 6, 9, 13, and from 6 to 9 inches — with partings of 4, 2^, and from 
one-half to 1 inch. This section agrees closely with the section at the Bennett 
Fork mine. The roof here is a shaly sandstone. The section on the upper coal 
at the old openings mentioned (28) shows the upper bench to have 4 inches of coal, 
then 10 inches of clay, with 1^ inches of coal 3 inches from the bottom. The main 
body of coal is separated b}'^ two partings — a 2-inch parting 20^ inches from the 
bottom and one-half inch parting 3 inches from the bottom. The section reported 
by McCreath and d'Invilliers at the old Tudor mine showed the upper bench of 
6 inches divided by a one-fourth inch parting 3 inches from the top; then came 
9 inches of shale, then 32 inches of coal, with a 1-inch parting 13 inches from the 
top. As seen from these figures the upper bench is from 4 to 6 inches thick, the 
first parting from the top from 5 to 9 inches, sometimes with a streak of coal or a 
little bone at its base. The second bench averages about 1 foot thick. Then 
comes a 1- to 2i-inch parting, then a bench from 13 to 10 inches thick, a one-half 
to 2-inch parting, and a 3- to 9-inch bottom bench of coal. The underlying coal at 
the Tudor opening, as reported by McCreath and d'Invilliers, shows two benches, 
the upper of which is 10 inches and the lower 28 inches, with a 2-inch bone at the 
bottom. The parting between these two benches consists of 2 inches of bone, 6 
inches of shale, and 7 inches of sandstone. At the old opening on the lower coal 
(27) the coal shows 40 inches, not including a 2-inch parting 6 inches from the 
bottom. 
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MINOO COAL. 

Up to 1903 this bed has supplied most of the output of Bennett Fork. There 
are commercial openings on this bed at the Nicholson, Mingo Nos. 1 and 2, Fork 
Ridge, Reliance, Bryson, and Ralston No. 1 mines. It yields from 4 to 5 feet of 
workable coal in a total thickness of 5 to 10 feet. It shows one persistent parting 
a little below the center, which varies from 2 inches to 4 feet or more. In most of the 
working mines this parting runs from 6 to 8 inches. Near the bottom of the coal is 
often another parting that varies from to 6 inches, though it is usually less than 2 
inches. The main partings tend to increase in size so that at the upper and lower 
ends of the district in which this coal is being worked the coal loses it workability. 
A series of vsections up Bennett Fork will show the variations in this bed. 

(32) Section of Mingo coal at Yellow Oreek mine. 

Clay shale roof, 12 feet. Ft. in. Ft. in. 

Coal 2 lOto 3 2 

Clay 1 lOto 1 10 

Coal 4 to 4 

Clay 3 to 3 

Coal 1 

Clay 2 Oto 2 

Coal 1 lOto 2 

Clay.... 3 to 3 

Coal 6 to 6 

Total 9 lOtolO 5 

(36) Section of Mingo coal ai Nicholson mine. 
Sandstone, 6-|- feet. 

Clay shale roof, 5 feet. Ft. in. 

Coal 1 1 

.Clay 1 

Coal 7i 

Clay «0t 

Coal li 

Clay f>Oi 

Coal 2i 

Clay 3 

Coal 4 

Clay 1 4 

Coal 1 8 

Total 5 9i 

o^ to i inch. b to i inch. 
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In some new entries being driven here the coal was badly cut up by partings, 
as shown above. These partings are quite variable and tend in places to run out. 
In some of the entries the partings are much reduced in number, as shown by 
the following section taken not far from the preceding: 

(36a) Section of Mingo coal at NichoUon mine. 

Ft. ill. 

Coal 2 10 

Clay «0i 

Coal 3 

Clay 1 3 

Coal 1 8 

Total 6 Oi 

Two sections at the Mingo No. 1 mine show the average section, and a 
measurement in the lower entry shows the variableness in the upper bench. In 
the first case the roof consists of 1 foot of shale under shaly sandstone, with solid 
sandstone above. In the second case the sandstone comes down to the coal. 

(46) Section (average) of Mingo coal at Mingo No. 1 mine (type locality). 

Shale roof. Ft. in. 

Coal 2 8 

CUy ''8 

Coal 1 6 

Clay M 

Coal 6 

Total 5 5 

(46a) Section of Mingo cool at Mingo No. 1 mine. » 

Sandstone roof. Ft. in. 

Coal 3 5i 

Clay 8 

Coal 1 6 

Clay 6 

Coal 6 



Total 6 7i 

(59) Section of Mingo coal at Fork Ridge mine. 

Clay shale roof, 20 -h feet. Ft. in. 

Coal 2 1 

Clay 10 

Coal 1 5 

Clay <i2 

Coal n 



Total 5 1 



a 6 inches to k inch. <tO to 6 inches; average 2 inches. 

^ 2 to 10 inches. « 7 inches to 1 foot, 

ci tolinch. 
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From Puncheon Camp to Sugan Branch this coal runs quite regularly, as may 
be judged by comparing the section last given with the following section, measured 
at the Bryson mine. The roof here consists of 1 foot of clay shale under 5 + feet 
of firm sandy shale. 

(57) tSectio)t of Mingo coal at Bnjson mine. 
Shale roof. Ft. in. 

Coal 2 1 

Clay 8 

Coal I 5i 

Clay 2i 

Coal 5J 

Total 4 lOJ 

The following section of the Mingo coal at the mouth of Sugan Branch is 
given by McCreath and d'lnvilliers. 

Section of Mingo coal at Sugan Branch. 

Shale roof. Ft. iu. 

Coal '.. 2 8 

Coaly shale and " slate " '. 3 

Coal. 1 10 

Shale streaked with coal 5 

Coal somewhat bony 1 8 

Total 5 9 

This section shows nearly 1 foot greater thickness than the preceding. At 
the Bryson mine an 8-inch parting thickens on going into the mountain. This 
thickening is still more pronounced at the Ralston No. 1 mine (49), where the parting 
becomes 4 feet thick. There is here from 2 feet 6 inches to 3 feet of coal above the 
parting and from 2 feet 4 inches to 2 feet 6 inches of coal below. A considerable 
area was worked out here in the hope that the parting would become thinner. In 
one part of the mine the parting thinned down to 7 inches and increased beyond. 

On Stony Fork the position of this coal is indicated by that of the Fork Ridge 
sandstone. It was thought that this sandstone was traced with certainty from 
Bennett Fork around the end of Fork Ridge and all around Stony Fork where it is 
above drainage, and 3^et nowhere was a coal found 40 feet above its top that resembled 
in thickness or partings the Mingo coal of Bennett Fork. Evidentl}' either a mistake 
was made in tracing the sandstone or the Mingo coal has become thin and unworkable 
in that area. In the assumed position of the Mingo coal is found a coal from 15 to 
20 inches thick, with a thin coal 20 to 30 feet above it and a somewhat thicker coal 
30 to 40 feet below. The position of the three coals corresponds closely with that of 
the Mingo and first coal above and below it on Bennett Fork. 
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COALS OF CATRON FORMATION. 



Between the Lower Hignite coal and the Klondike coal no coals of impor- 
tance appear, as is shown by Mr. Richardson's section on Bryson Mountain. 



POPLAR LICK COAL. 



At the Mingo mines the Poplar Lick coal lies 36 feet below the Klondike 
coal. At the Nicholson mine these coals were 40 feet (bar.) apart. In Slickrock 
and Martin branches of Ston}- Fork, Mr. Crandall has assumed that the Klondike 
and Poplar Lick coals were represented by two coals 30 feet apart, of which 
only the upper is workable. This agrees well with what was found on Bennett 
Fork, but does not agree with what occurs on the north side of Stony Fork. 
As already stated. Poplar Lick coal in Canada Ridge is a persistently workable 
coal and has been extensively tested and mapped in that area. As a rule in that 
region no coal has been found in the first 75 to 100 feet above the Poplar Lick 
coal. The first coal above lies from 75 to 125 feet above, and though locally 
workable is not so usually. It would therefore seem more probable that the 
4-foot coal, at an elevation of 820 feet above the mouth of Slickrock Branch and 
of 563 feet above the mouth of Martin Branch, is the Poplar Lick coal, and it 
will be so considered here. On this basis the Poplar Lick coal may be considered 
as a 4-foot coal along Stony Fork, and generally workable; and as from 3 to 4 
feet thick on Bennett Fork, and only questionably workable at most places on 
account of its partings. It is being mined at Mingo No. 1 mine. The roof is 
generally shale. At the Nicholson mine (38) a partial facing showed it to occur 
in two benches, apparenth'^ about 18 inches thick each and 18 inches apart. At the 
Mingo mine (42) it shows about 46 inches of coal, with a 2-inch parting in the 
middle. The floor here is sandstone and the roof shale. A section reported on 
Bennett Fork by Mr. Crandall showed 54 inches of coal with two main benches, 
the upper one 17 inches thick and the lower one 26} inches thick, with several 
thin benches and partings between (111). On the right-hand fork of Slickrock 
Branch of Stony Fork, Mr. Crandall reports this coal to be 42. inches thick, with a 
1-inch shale parting 7 inches from the top (167). On Martin Branch of Stony 
Fork he reports it to show 48 inches of solid coal (191). A section of this coal 
by Messrs. McCreath and d'Invilliers on Slickrock Branch of Stony Fork made 
this coal 3 feet 7 inches thick in four benches, of which the uppermost is 1^ 
inches, the next 4^ inches, then 1^ inches, and the lower bench, which is some- 
what bony, is 2 feet thick; 2^ inches of the uppermost parting is coal and shale; 
the lower part of the parting has a thickness of 5^ inches; the two partings 
below are H inches and 2 inches thick. On Camp Branch of Stony Fork Mr. 
Crandall reports this coal as only 21 inches thick with two shale partings. 
Analyses of this coal in the Clear Fork field indicate a good quality of coal, as 
shown in the discussion of that district. 



KLONDIKE COAL. 



This coal is named from the Klondike, or Kalston No. 3, mine where alone it 
was being worked in 1902. Since then conmiercial openings have been made upon 
it at Mingo and Nicholson mines, and in 1894 an opening is reported as having 
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this coal makes a somewhat better showing, as reported by Mr. Crandall. It 
has there two partings, the upper one, 20 inches from the top, is 6 inches thick, 
and the lower one, lOi inches from the bottom (203), is 5i inches thick. The 
sections that have been given show this coal to have a total thickness not 
including the extremes of from 4 to 6 feet, of which from 3 feet 6 inches to 
6 feet consist of workable coal, averaging a little over 4 feet on Bennett Fork 
and less than 4 feet on Stony Fork. 

Analyses of Klondike coal. 



Constituent. 



Moisture 

Volatile combuBtible matter 

Fixed carbon 

Ash 

Sulphur 



/Vr cent, 

3.492 

35.683 

50.373 

9.530 

.923 



B. 



c. 



Percent 

1.308 

38.042 

49. 671 

8.545 

2.434 



Per cent. 

3.00 

32.05 

59.83 

4.41 

.76 



Per cent 

1.44 

32.56 

53.34 

12.66 

1.454 



A. From opening (56) on Sugan Branch of Bennett Fork; analysis by McCreath; samples collected by McCreath and 
d'InvillierB. 

B. Shade Branch of Bennett Fork; analysis by McCreath; sample collected by McCreath and d'Invilliers. 

C. Lick Hollow, Hurricane Branch, one-fourth mile above the mouth of Grays Branch, Clear Fork drainage (122); 
analysis by Robert Peter; sample collected by A. R. Crandall. 

D. Shade Branch of Bennett Fork; analysis by Robert Peter; sample collected by R. C. B. Thruston. 

The sample obtained on Shade Branch by Mr. Thruston was probably from 
the facing sampled by Mr. McCreath. Mr. McCreath reports that his sample 
included the two benches of bony coal, 4^ and 2 inches thick, which did not occur 
at the Hurricane Branch locality. Practical coking tests of this coal are said to 
have been made at the Mingo ovens, and though the coal was not washed the result 
was reported to be entirely satisfactor3\ Notwithstanding the thick parting that 
develops at the Klondike mine, this coal seems to be usually rather free from 
partings and to present a thickness of coal that will make it an important factor in 
the future development of the Bennett Fork field. The bottom 2 or 3 inches of the 
coal tends to be soft and often worthless, as at the Nicholson and Mingo mines, and at 
the opening (55) on Sugan Branch. The lowest 3 inches of the li-foot bench of coal 
on Shade Branch is reported to be soft; the same bench is reported to carry sulphur 
in irregular streaks and concretions at about 6 inches from the floor. This probably 
accounts for the large percentage of sulphur shown in the coal from this opening. 

COALS OF HIGNTTE FORMATION. 

This formation carries three workable coals in the Bennett Fork district — the 
Red Spring coal at the top, the Lower Hignite coal at the bottom, and at least one 
intermediate coal of workable thickness. 



LOWER HIGNITE COAL. 



As far as recognized the Upper Hignite coal is not workable in this area, nor 
was a workable thickness at its horizon seen at any point in the area. The Lower 
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Hignite coal, on the conti-ary, has an average thickness of almost 5 feet, ranging 
from 41 inches to 69^ inches. The first commercial opening upon this bed was 
made on New Cabin Creek (99) in 1903 by the Fork Ridge Coal and Coke Company. 
The section at this new opening shows a total thickness of 5 feet 4 inches, of which 
5 feet 1 , inch are of workable coal. There are two partings — the upper, 2 inches 
thick, is 41 inches below the roof; the other, 1^ inches thick, is 8 inches above the 
floor. The roof here is shale. This coal was found at Little Coal Gap by Mr. 
Crandall (119), who reports that it is 69^ inches thick, an upper bench of 16 inches 
being separated from the lower portion by a parting of 14 inches of clay and coal; 
the lower 37 inches of coal has a 2^-inch parting 14 inches from the top. Several 
sections have been obtained by Mr. Crandall on Puncheon Camp Creek. One below 
the right-hand fork of Puncheon Camp Creek (115) shows 65 inches of coal without 
a parting; another (117) gives 60^ inches with only one parting from 1 to 3 inches 
thick 6i inches from the bottom. The section on the right-hand fork of Puncheon 
Camp Creek (116) showed 51 inches of workable coal with a one-half inch parting 
5 inches from the bottom; 3 inches of coal appears 8 to 11 inches lower. The 
roof in all of these cases is shale. A series of sections across. Log Mountains to 
the southwest shows this coal to maintain an excellent thickness. One of these 
sections (120) is given on PI. X, which shows 58^ inches of coal, plus 7i inches 
of partings. On Slickrock Branch of Stony Fork Mr. Ci*andall reports this coal 
to be 61 inches thick (168). There is an upper bench of 37 inches, then 3 lower 
benches of 5, 1, and 8 inches, with partings of 5, 1^, and 3i inches, respectively. 
On Martin Branch of Stony Fork Mr. Crandall reports this coal (184) to show 
42i inches of solid coal overlain by 11^ inches of mixed coal and clay. The roof 
is shale. On Camp Branch of Stony Fork Mr. Crandall reports this coal to be 
41 inches thick, with shaly sandstone roof (205). From these sections it would 
appear that the coal on Stony Fork is a little thinner than farther south, the 
minable coal there averaging nearer 40 inches. On the whole there is little 
agreement in detail, many of the sections showing clean coal the full thickness, 
while others are much cut up by partings. While the coal thus described has 
been considered to be at one horizon and to be the equivalent of the Lower 
Hignite coal, no satisfactory criteria were found for distinguishing the horizon 
of the lower coal from that of the upper, unless the position of the massive 
sandstone found all through this district 20 feet or so below the coal may be 
considered such. Aside from this evidence, the assumption that this coal is at 
the lower rather than at the higher horizon is arbitrary and is based on con- 
clusions reached by Mr. Crandall and others. No analyses of this coal in this 
area were obtained. Analyses in the Clear Creek district show an excellent coal. 
The Lower Hignite can hardly be considered a workable coal in Mingo Mountain, 
as it occurs at an elevation of about 2,600 feet, and, as shown by the map, 
underlies only the narrow crest between Coal Gap and Wilson Gap, with a few 
acres to the east of Wilson Gap. In Bryson Peak two barometric measurements 
gave this coal an elevation of about 2,530 feet, and, as shown by the map, that 
allows it a good acreage, measuring to a line below the crest, which is as far as 
we have data for. In Fork Ridge much the same conditions exist as in Mingo 
Mountain. The coal is too near the crest to be considered workable. 
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RED HPR|NO COAL. 

As shown on PI. X, p. 56, two sections of the Red Spring coal were 
obtained. Mr. Richardson's section of Bryson Mountain (64) gives this coal a 
thickness of 6 feet 7 inches, including two partings, the upper parting being 10 
inches thick and 45 inches from the top, the lower parting 8 inches thick and 3 
inches from the bottom. Another section of this coal on Martin Branch of 
Stony Fork (176), reported by Mr. Crandall, showed 62i inches of coal, including 
three partings — the upper one 1 inch thick 10 inches from the top, the lowest 
one 1 inch thick and 2 inches from the bottom, and a i-inch parting 1 inch 
higher. The roof here is sandstone. In the Bennett Fork section the roof was 
shale for 10 inches, then sandstone above. Of the other coals between the Red 
Spring coal and the Lower Hignite coal, only one need be considered, and that 
is only doubtfully workable. A section of this coal obtained by Mr. Richardson 
(67) showed 38 inches of coal in 5 benches, which, beginning at the top, had 
thicknesses of 4, 4, 2, 9, and 19 inches; at the top was 4 inches of coal and clay; 
below were partings of 4, 6, 2, and 3 inches. The 9 and 19 inches of coal at 
the bottom separated by 3 inches of clay might be considered workable if it 
occurred near the foot of the mountain rather than near the top. Another 
section on Puncheon Camp Creek (90) shows this coal to have 4 benches 6, 3^^, 
2, and 25 inches in thickness, separated by partings of 3, 8, and 2^ inches. The 
roof is sandstone. This coal lies 240 feet above the Lower Hignite coal. 

COAL OF BRYSON FORMATION. 

The Bryson formation forms the crest of Bryson Peak and the western end 
of Fork Ridge. Two of the coals found in this formation on Bryson Mountain 
are given on PI. X. Mr. Richardson's section in Bryson Mountain shows three 
coals, viz, coal (61) 1 foot 3 inches, coal (62) 6 feet 8 inches, and coal (63) 3 feet 
3 inches. The 39-inch coal is of workable thickness, but can hardly be considered 
workable on account of the very limited area it necessaril}^ underlies. Coal (62) 
given as 6 feet 8 inches thick is really divided into a large number of benches, 
no one of which is of workable thickness. These benches measure as follows: 20 
inches, 1 inch, 2 inches, 18 inches, 6 inches of clay and coal, 2 inches, 1 inch, and 2 
inches. Between these benches are clay partings of 3, 2, 12, 7, 2, and 2 inches. 

SUMMARY. 

In the preparation of the following summaries the attempt has been made to 
ascertain with considerable accuracy the area underlain by the principal coals, and 
the outcrops have been traced for that purpose. Unless the coal has been seen at a 
large number of points fairly well distributed over the district, and gives evidence 
of being workable at all places visited, as, for example, the Harlan coal in the eastern 
districts, an estimate has been made, based upon the data at hand, of the portion of the 
coal area that may be considered as workable. In a few cases, as the Harlan coal just 
mentioned, the area of workable coal may be practically equal to the area underlain 
by the seam. In the eastern districts it is probable that the total amount of work- 
able coal greatly exceeds the estimates, for the reason that information concerning 
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the coal is less complete than it is of the region of the two districts of the Log 
Mountains. On the other hand, the amount of coal which may practically be con- 
sidered as workable — that is, which in the future, if present mining conditions con- 
tinue, will actually he mined — will probably be much less or at least no more than 
the amount given for each district. It must be admitted that in many cases the 
estimate of the proportion of a given bed that will yield workable coal is so largely 
a matter of personal judgment that those figures can not be considered as in any 
sense authentic for any given coal. Where, however, several coals are grouped 
together, it is more than possible that the error made with one coal may be offset by 
an opposite error with some other coal, leaving the total result fairly accurate. 
With the small amount of data at present at hand about most of the coals of the 
eastern area, these figures must be considered as only tentative, to be revised when 
a careful exploitation b}^ drilling and facing shall have yielded a large amount of 
additional information. 

Summary of coals of Bennett Fork district. 

Number of coal beds found 50-f 

Total thickness of coals feet. . 95ifc 

Number of coal beds of workable thickness (2 feet-f ) 13 

Number of coals worked at present 7 

Average thickness of principal workable coals feet. . 5 ^ 

Total thickness of workable coal beds do. . . 404- 

Total thickness of coal in workable coal beds do. . . 30-h 

Greatest thickness of single coal bed measured do... 9f 

Greatest thickness of coal in single bed measured do. . . 5f 

Summary of coals in Bennett Fork district. 



Approximate elevation, 
above tide feet. . 

Thickness: 

Greatest do 

A verage do 

Least do 

Average thickness of work- 
able coal feet. . 

Number of measurements. . . 

Area of seam acres.. 

Available coal per acre, 
tons 

Coal available in district, 
tons 



Hignlte. Red Spring. , Klondike. ^/X^t *" 



2,600 

51 

5 

3 1*2 

41 

9 

1,000 

6,500 

6,500,000 



3, 000' 2, 350 



6fi 

5J 

5-f 

2 

200 

6,000 

1,000,000-f 



9i 

5^ 

4 

4 

13 

1,500 



5,000 
7,500,000 



2,300 

41 

4 

31 

31 

3,000| 
4,000 



SandstoDe I 
Parting. 



1,950 

5J 
41 
3J 

31 

8 

2,000 

4,000 



6,000 
8, 000, 0008, 000, 0006, 000, 000 



Mingo. 



1,700 

9* 
61 

4^ 

41 

8j 
8,000 



Bennett 
Fork and 
Turner. 



1,400 

6 
4 



3J 

10 

5,000 

4,000 

20,000,000 
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drainage a short distance above. At the Bennett Fork mine (23) the main entry, 
driven straight into the hill, is about on the strike, though rising slightly. Haulage 
is difficult on the west side of the mine. 

On the north side of Bennett Fork opposite the Bennett Fork mine the top 
of the Fork Ridge sandstone, which there caps the top of the mountain, is 
1,680 feet (bar.) above tide. As it has practically the same elevation at the 
mouth of Puncheon Camp Branch of Bennett Fork, a line from Rock Branch 
to Puncheon Camp Branch appears to run on the general strike. As a matter 
of fact the westward dip from the mouth of the stream continues a little above 
Rock Branch. From the transverse synclinal axis probably there is a slight rise 
upstream to the mouth of Puncheon Camp Branch. Above that the rise is more 
marked, probably in part due to the southward deflection of the headwaters of 
Bennett Fork. At the Yellow Creek mine the top of the Fork Ridge sand- 
stone is found at 1,700 feet (bar.) or 320 feet above the creek. The Mingo 
coal is opened a few feet higher and just over the commissary. The Sand- 
stone Parting coal being mined here is by barometer about 2,060 feet above 
tide. The Poplar Lick and Klondike coals should be found in the top of the 
ridge here, underlying very small areas, at elevations of about 2,240 and 2,280 
feet, respectively. At the Nicholson mines two openings on the Mingo coal are 
at elevations (bar.) of 1,710 and 1,730 feet above tide, while the Sandstone Part- 
ing, Poplar Lick, and Klondike coals gave a trifle lower reading than at the 
Yellow Creek mine. The Klondike coal is near the top of the ridge, but has 
enough body to lead to its being mined at this point. 

Around the mouth of Puncheon Camp Branch and up Bennett Fork the 
structure is well shown by the following exact elevations above tide on the 
Mingo coal at the mines named: Fork Ridge mine, 1,693 feet; Reliance mine, 
1,724 feet; Mingo No. 1 mine, 1,739 feet; Mingo No. 2 mine, 1,771 feet; Bryson 
mine, 1,796 feet; Ralston No. 1 mine, 1,814 feet. At the Mingo No. 1 mine the 
Mingo coal is 260 feet above Bennett Fork; at Ralston No. 1 mine it barely 
drains into the creek, the rise of the creek having brought its channel up to the 
level of the coal. At the Mingo No. 1 mine the spaces to the upper coals have 
been very accurately measured. From the Mingo coal to the Sandstone Parting 
coal is 285 feet; from the latter to the Poplar Lick coal is 230 feet, with the 
Klondike coal 36 feet higher. These elevations added to the exact elevations 
given above, with due allowance for dip, should give about the position of the 
upper coals. The Lower Hignite coal may occur near the crest of Mingo Moun- 
tain near Wilson Gap, but not in minable quantity. It is probable that along 
a northwest-southeast line through Mingo Mountain, from Bennett Fork, at- right 
angles to the general strike, the rise will be more or less regular until the crest is 
passed, when it will become much sharper. What was taken to be the Fork Ridge 
sandstone was noted on the south slope of Mingo Mountain at an elevation (bar.) 
of 2,040 feet, 360 feet below the saddle at Wilson Grap and 300 feet above its 
elevation at Mingo. At one point it dips N. 45*^ (?) W. at an angle of 12°. 

Around the east end of Fork Ridge and along the north or Stony Fork 
side the top of the Fork Ridge sandstone is found to have the following 
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barometric elevations above tide: On the end of the nose, 1,650 feet above tide; 
Slickroek Branch, 1,560 feet; Martin Branch, 1,670 feet; Camp Branch, opposite 
the mouth of Coal Branch, 1,740 feet; Stony Fork, about 1,760 feet. On 
Slickroek Bmnch the top of this sandstone is 300 feet (bar.) al>ove the mouth. 
About 300 feet higher (or at 1,855 feet) is the Sandstone Parting coal, as 
reported by Crandall and by McCreath and d'Invilliers, the interval agreeing 
with that found on Bennett Fork. On Martin Branch the top of the Fork 
Ridge sandstone is about 140 feet above the mouth of the branch. The Sandstone 
Parting coal with a characteristic section is reported by Mr. Crandall to occur 
350 feet above the mouth. This makes the interval between it and the Fork 
Ridge sandstone 100 feet less than the normal. It is not possible at a distance 
to say where the discrepancy lies. The Poplar Lick coal lies from 200 to 250 
feet above the the Sandstone Parting coal, the Lower Hignite from 300 to 360 
above that, and the Red Spring coal, when present, 500 feet higher. The Red 
Spring coal is hardly workable in Fork Ridge on account of its nearness to the 
crest. It occurs only in the western part of the ridge. 

STOX\" FORK-CI.EAII CREEK DISTRICT. 

GEOGRAPHY. 

The area treated under this heading consists of the portion of the Log 
Mountains field between Big Clear Creek on the north and Camp Creek, Stony 
Fork, and Yellow Creek on the south. In order to reduce the map to the size 
of a page*" plate, the eastern boundary is an arbitrary line up Fourmile Run, 
across the head of Cannon Creek, down Fuson Branch of Little Clear Creek, and 
north to Pine Mountain. The topography around Middlesboro has already been 
described (pp. 23-28). In the rest of the territory it is of the same t^'^pe as in 
the Bennett Fork district, the streams having a fairly uniform descent from head 
to mouth. Switch backs would be required to enable railroads to reach the coal 
on the smaller streams. 

The Cumberland River and Tennessee Railroad was built up Clear Creek to 
Chenoa in 1893. A cannel coal was extensively mined at Chenoa until 1899, but 
the entries were driven down the dip, which was so steep as to finally render 
mining unprofitable. Had the railroad been run up Little Clear Creek the coal 
could have been entered at the lowest part of the bed with more satisfactory 
results. Three mines began operations in the Stony Fork basin in 1903-4. 

STRATIGRAPHY. 

It is probable that a higher point stratigraphically is reached in the 
mountains at the heads of Hignite and Coal creeks than anywhere else in the 
area studied. Like the last district, this one has been quite thoroughly tested, 
though little actual mining has yet been done. A series of columnar sections is 
presented on PI. XII. 



a The pa^ maps have been combined into PI. XL. in pocket. 
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COLUMNAR SECTIONS, STONY FORK-CLEAR CREEK DISTRICT. 

Sc«l«: 1 inch— 300 f«et. 



SECTIONS IN STONY FOBK-OLEAR CREEK DISTRICT. 
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The fii'st section needs no description, the lowest coal bloom is thought to be 
the Chenoa cannel coal. The other sections may be described to give the details 
of the coals. 

Section oti Bear Creek near liead of Clear Creek {A. R. CrandaU). 



No. on ' 
map. i 



I 

376 ' 

I 

377 I 

378 1 



Stratum. 



Thicknew. 



Interval from crest of mountain. 
Coal '. 



Interval, sandstone and shale. 

Coal, Red Sprinj; 

Interval, shale 

Coal 



379 
380 
381 
382 
38:^ 
384 
385 
386 
387 
388 
389 
390 
391 
392 



Interval, shale 

Coal 

Interval, shale and sandstone 
Coal 



Inter\'al, shale and sandstone . 
Coal 



Interval, sandstone and covered 

Coal, thin 

Interval 



Ft. 
20 

1 
60 

4 
20 

1 
40 

1 
40 

1 
60 

120 



in. 


11 



7 

8 

1 

9 

10 




I Total thlck- 
, nessofsec- 
I tion. 



Ft. in. 

20 

21 11 
81 11 



Coal, thin 

Interval 

Coal, Copperas Lick 

Interval, some sandstone 

Coal, Upper Hignite 

Interval, shale 

Coal, Lower Hignite 

Interval, shaly, sandstone near top . 

Coal, thin 

Interval 

Coal 

Interval 

Coal 



45 

3 

100 

4 

20 
3 

95 



Interval 

Coal, Klondike!?). 
Interval 



Coal, Poplar Lick 

Interval, shale over coal. 

Coal, cannel (oal 

Interval 



40 
2 

40 
2 

20 
2 

90 
4 

10 



Coal 

Interval, shale . 



125 

2 

50 



86 
106 
108 
148 
149 
189 
191 
251 



698 
700 
740 
742 
762 
765 
855 
' 859 
i 869 



251 10 
371 10 



15 I 386 10 



431 10 

434 10 

534 10 

539 2 

559 2 

563 1 

a58 1 



994 

996 

1,046 
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Section on Bear Creek ne(ir head of Clear Creek (A. R. Orandall) — Continued. 



No. on I 
map. i 



Stratum. 



I Total thick- 
Thicknem. j nets of sec- 
tion. 



Ft. in. 
6 




394 Coal 1 

Interval, cannel shale .- ?15 

395 Coal, Sandstone Parting, Buckeye Spring 2 

Interval 130 i 1,195 

396 ' Coal, thin * , I 



Ft. in. 
6 
6 
1 
1 



1,047 
1,062 
1,065 



397 
398 
399 



Interval t I 100 1,295 1 

Coal, thin 



Interval 

Coal, thin 

Interval 

Coal, Chenoa cannel. 



45 1,340 1 



. 50 
.! 5 9 



1,390 1 
1,395 10 



There appears to be considerable variation in the various reports made on 
the Bear Creek area. 

In a report to the Log Mountain Coal, Coke, and Timber Company by Mr. G. D. 
Fitzhugh, the following intervals are given: 

Sedion (in part) on Bear Creek, 



No. on 
map. 



420 
419 
418 
417 



Stratum. 



Shale roof . 



Thicknetn. 



Ft. in. 



Total thick- 



Ft. in. 



Coal, Upper Hignite 10 2J 

Interval, shale roof 12 

Coal, Ix)wer Hignite 4 3 

Interval, dark-blue phale roof 290 

Coal, Poplar Lick 4 10 

Interval, shale and clay roof , 105 

Coal, Buckeye Spring ' 3 2 

Interval, sandstone at lx)ttoin 130 \ 

Shale i 6 I 

Coal, Ramsey (PI. XIII) ' 2 6 ! 

Interval to Chenoa cannel coal 130 



10 
22 
26 
316 
321 
426 
429 
559 



559 11 
562 5 
692 5 
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fB*pt.byA.R.C\j 




Lmmdt 








413. 

I'Dlk Bmnc-h at 
Little Clear 
Crook, 

([Reptr bjf A. 
11. C. 5 



hr A. 



1\'- 






W" -^ KIJ( 



111. 



4U. Wt. 



B«Ai-Cr««k. C^jjy Bmaeb of Hlemee Cmk. HJ*fci|t(» Cre*k, 
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-T6K" 





(RepCbjA.ILO 
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-llOM" 



4«L 
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{Rept.b7R.F[.K,) 
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MA, 



390. 



SOT, 



rre. 




Blir c:(eiir Oeek Taiiy Rmnrh of IAu\& P 1 o a r Reftn Fork 

»ti)c of Plnpy BltfOffurrTOBk. i'rtu'k. Jobn Braficrh, , 

Spur. (Repe. tsy A^lLCji Evunn fArm. (Rept. bj A.R.C,) (Hebt. br A.ILCJ 

(B*pt.h3rA*R.C.> . , (Ritfit, by A. 

'^— ' R. L.J 



Fork B runi'h, ( H«pL bj A , R^r.) 



HliFtilCfr Cre*k, Btooy ForlL 



I 



-anH" 






B*ftr Cretk, 
<Rcp«.br A.R.C.) 



I 



Br*iiE*h ot Uf 
tJ«ir:i{uirCrHk. 



lCMp?n>iEic <-'!P*j-. 



LltMi* rieur Bakr Fork 

Cn-ek. BmiclL 

(Rt-pt.ltS A.H.V.} 




Wi>itt a|L|« Stony 
Fork* Luke mim 
Ut nmiQ and 
wine. 




Mucoo FQMiunox. 



M9, 

Stoor Fork, iurt 
»lK>ve inautnoC 



rti. 






41% 



S7«. 



SA]fli«TtlKK P441TTSJJ I'lPJ^In. 

aai. 160. 



390. 



ai7. 
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Another report to the same company by Mr. R. H. Elliott gives still other 
intervals. 

CoaU and intenxiU on Bear Creek. 



No. on 
map. 


Stratum. 


Thickness of 
interval. 


Total thick- 
ness of 
intervals. 




• 
Coal, Red Spring. 
Interval 


356 
25 
208 
157 
110 
20 
405 


Fed. 
355 




Coal, Upper Hi^ite. 

Interval 


380 


442 


Coal, Lower Hignite. (See PI. XIIL ) 

Interval 


588 




Coal, Poplar Lick. 

Interval 


745 




Coal, Buckeye Spring. 

Interval 


855 




Coal, Ralston. 

Interval 


875 


443 


Coal, Mason. (See PI. XIII. ) 

Interval 


1,280 




Coal, Chenoa cannel. 





In May, 1896, a drilling was made for oil on Bear Creek by the Log Mountain 
Coal, Coke, and Timber Company. The record is kindly furnished by their suc- 
cessor, the Louisville Property Company. This drilling started at 81 feet above 
the bottom of the Mason coal and was reported as starting "about 225 feet" below 
the Poplar Lick coal. The record as given by the drillers is as follows: 

Record of oil well drilled on Louisirille Property Company^ 8 lands near Oienoa^ Ky, 



Stratum. 



Thick- : 



Total. 



Clay 

Slate 

Sandstone, brown 

Bituminous coal, Mason seam . . . 

Slate 

Sandstone, with water 

Slate 

Sandstone, white 

Slate 

Bituminous coal, "supposed Blue 
Gem?" 

Slate and shale 



Fsct. I 
27 

45 I 

I 

5 

4 
10 
36 i 

5 , 
37 



76 

4 
60 



I 



Feet. 

27 

72 

77 

81 

91 

127 

132 

169 

245 

249 
309 



Stratum. 



Thick-, 



Bituminous coal 

Slate 

Bituminou.s coal 

Slate 

Sandstone, with water 

Slate 

Bear Creek cannel coal; "Chenoa" 
coal 

Fire clay 

Slate 

Sandstone 

Slate 



Total. 



Feet. I 
2 

20 

2 

40 

10 

28 

4 

2 
37 
30 

8 



Feet. 
311 
331 
333 
373 
383 
411 

415 
417 
454 
484 
492 
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Record of oil well drilled on Louim'ille Property Company^ s lands near Chenoa^ Ky. — Continued. 

Thick- ' 



Stratum. 



Sandstone, black , 
Slate and shale . . . 
Sandstone, l)lack . 

Slate 

Sandstone, black . 

Slate 

Sandstone, white . 

Slate 

Sandstone, white . 

Slate 

Sandstone, gray . . . 
Sandstone, white . 

Slate 

Sandstone, dark . . 

Slate 

Sandstone, dark . . 

Slate 

Sandstone, dark . . 



Feet. 
9 

5o 

22 
35 

5 

5 
11 

3 
11 
30 
20 
45 
15 
10 
35 

2 

35 
10 



Total. 

Feet. 
501 
591 
613 
648 
653 
658 
669 
672 
683 
713 
733 
778 
793 
8a3 
838 
840 
875 
885 



Stratum. 



Thick- 

0(988. : 



Slate 

Sandstone, white; Yellow Creek 
sandstone ? 



Slate 

Sandstone, Naeso, top of Lee 
formation 



Ftet. 
15 

50 
38 



256 
4 
84 
4 



Slate 

Sandstone, white 

Bituminous coal 

Sandstone, white ! 176 

Slate..L ! 5 

Sandstone, white Ill 

Slate j 5 

i Sandstone, white | 74 

Bituminous coal i 2 



Sandstone, white. 
Bituminous coal . 
Sandstone, white. 



72 

6 

30 



Total. 



Feet, 
000 

950 

988 

^1,244 
1,248 
1,332 
1,336 
1,512 
1,517 
1,628 
l,aS3 
1,707 
1,709 
1,781 
1,787 
1,817 



Along the lower course of Clear Creek the Naese sandstone makes cliffs over 
130 feet high, and its bottom is not exposed. It therefore seems probable that 
the sandstone reported 256 feet thick represents that sandstone and the top of 
the Lee. The 50 feet of sandstone 88 feet above would correspond with the 
Yellow Creek sandstone. According- to that correlation, on Bear Creek the top of 
the Lee is 1,211 feet below the Poplar Lick coal. The top of the Lee is not 
exposed on Bennett Fork nor on Bear Creek, nor are the correlations of the 
Mingo coal with any of the coals of Bear Creek or the Chenoa cannel coal with 
any of the coals on Ifennett Fork certain. A comparison of the intervals between 
the coals below the Poplar Lick indicates that these intervals decrease from Bennett 
Fork to Bear Creek and that the Mingo coal occupies about the position of the 
Mason coal on Bear Creek and the Chenoa cannel coal comes at about the horizon 
of the Bennett Fork coal. While it is possible that exact correlation between 
the coals at those horizons exists, with present data such correlation can not be 
asserted. The following table shows the thinning of the spaces mentioned from 
south to north ; 
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Sections in several valleys in other parts of the district are given below : 

Section {compiled) on Little Clear Creek. 



No. on 
map. 



326 
327 
328 
329 
330 
331 
3.T2 

:m 

->-// 

.»l 

:>>-'. 

'IK] 



stratum. 



Interval from top of mountain, shale and sandstone. 

Coal, Red Spring 

Inter\*al 

Coal 



Inten-al , 
Coal .... 
Interval . 
Coal .... 



Interval . 
Coal .... 



Interval 

C^>al, I»wer 1 1 ignite , 
Inter\-al 



C<^>al, Klondike 
InUrrval 



(>/al, Poplar Lick , 
Int<T\al 



i'.ta\^ Sandnt^^^ine Parting (Buckeye Spring) . 
Int*-rval 



i'.*A\. \i\tf^}\\\ 

Ifjt«-rvai, «ind.«tone and hidden . 

i '^Ki\, hl'Xim 

J/jtrf-nal, hliai*' 

' '<il, hi'joni ( Mingo?) 

J jjl^rfvai. hhale 

< '^/nL )f\t*tmi 

IfiT'-rval, Handntone and nhale... 

^>^1, Minw-le 

J jjt«-rval 

('*fii\. \tUt*)tn 

J nti'fval 



Thickness. 


Total thlck- 
nesB. 


Ft. 


in. 


Ft. in. 


160 





160 


5 





165 


210 





375 


5 


7 


380 7 


200 





580 7 


80 





660 7 


2 


2 


662 9 


25 





687 9 



30 

4 

185 

4 

110 

4 

180 

2 

30 



■ 717 9 

1 721 10 
' 906 10 
4 I 911 2 
j 1,021 
4 I 1,025 
I l,2a5 



o I i,zu/ 
; 1,237 



r«^| 

Jut^'rval, to month (»f Ben Fork. 



60 I 1,297 9 



90 1,:«7 9 



50 1,437 9 
.1 



90 , 1,527 9 

2 6 i 1,530 3 

90 I 1,620 3 



120 : 1,740 3 

1 5 I 1,741 8 

30 I 1,771 8 



^■/j*ii. a> «:^/rr<.'lni«;'l in the oil well. Thij* \h .somewhat more than the metusuremeiit obtained from outcrops on Cany 
JK'Tk or from th<' oiitcn^pH In the valley of Little Clear ('reek, and if correct would indicate comimratively little 
♦hliJuirjK U.tween Hennctt Fork and CUiar Creek. The same map gives the elevation of the cannel coal at the head 
of the min"! when; It Ih but a Hhort di.Htanec from the outcrop of the Poplar Lick coal as 8ft8 feet below the Poplar 
Li'.k coh!. whl<h asrecM In a Kt^ntrral way with the awumed thickness of the Mintro formation in this district. These 
fijfi;r«fi> M'«m (o conMrm the correlations made alx>vc that the Mason coal is about at the horizon of the Mingo coal 
Hwi the cannel tufai aljout at the horizon of the Bennett Fork coal. 
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The lower part of the above section was obtained between the mouth of Ben 
Fork and Webb Gap. Along the main stream the Fork Ridge sandstone and the 
sandstone 100 feet lower make small cliffs. The Fork Ridge sandstone is thought to 
come just below coal No. 368 of the above section. On the main stream the vertical 
distance between the Poplar Ijick and Klondike coal is — from 75 to 100 feet; that 
l>etween the Poplar Lick and the Sandstone Parting coal l)elow is from 140 to 
160 feet, and that from the Sandstone Parting coal to the top of the Fork Ridge 
sandstone is 150 feet. A sandstone that is thought to innnediately underlie the" 
Red Spring coal makes prominent cliffs all around the top of the mountains at 
the head of this creek. 

Section on Bean Fork Bram'k of Yellou- Creek (A. 11. Crandnll). 



No. on ; 
map. 1 



Stratum. 



I 



282 I 
I 

283 i 

284 I 

285 , 
286 
287 
288 
289 



Interval to top of ridge . 

Coal, Red Spriuj^ 

Interval 

Coal 



Interval, containH <'Iiff-niaking sandstone . 

Coal 

Inter\'al 

Coal 

Interval 

Coal 



hicl 


cnesH. 


Totnl thick- 
ness. 


Ft. 


in. 


F1. in. 


70 





70 


5 


1 


75 1 


2() 





95 1 



80 



Interval 

Coal 

Interval 

Coal 

Interval 

Coal, cannel shale. 
Interval 



50 



2SK) Coal, Ix>wer Hi^rnite , 



I 
291 i 



Interval . 



I 

293 ' 
294 
295 
296 



Coal .... 
Interval . 
Coal . . . . 
Interval . 
Coal .... 
Interval . 
Coal .... 
Interval . 
Coal . . . . 



Interval 

Coal, Poplar Lick . 
Interval 



175 1 



60 





2:« 


1 




6-t 


235 


74- 


50 





285 


7-f- 



3:^ 7 



35 





370 


7 




8 1 


371 


3 


75 





446 


3 


60 





506 


3 


3 


1 


509 


4 


55 





564 


4 




1 


564 


8 


70 





6:m 


8 


1 


1 


6:^5 


9 


♦v') 





670 


9 


2 


1 


673 


2 


40 





713 


2 




9 


713 


11 


85 





798 


11 


1 





799 


11 


45 





844 


11 


3 


3 


847 


2 


65 


1 


913 


2 



92 
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Section on Ilignite Creek — Continued. 



stratum. 



ThickneMM. 



Ft. 

Sandstone, Fork Ridge, makes cliffs 80-;- 

Interval 150 

Coal 2 

Shale 1?5 

Coal 

Sandstone and shale (K) 

Coal 1 

Interval to inoutli of creek 20 



Total thk'k- 
netfit. 

/v. in. 

1,004 7 

1,814 7 

' 1,817 I 

1,842 1 

1,842 7 

1,^K)2 7 

I 

1,904 1 

1,924 1 



'A<ection on Rorkhoni*e Brnurh of Stontf Fork. 



No. on 
map. 



Thicknc8>. 



Tot«l thick- 
ness. 



244 

246 
247 
24o 

24S 
251 

2h2 



Ft. iu. 

Inter\'al from top of Log Mountains 1, 200 

Coal, Lower Hignite(?) 2 10 

Interval ' 50 

Sandstone, cliff making ! 40 

Coal ' 1 8 

Interval, sandy shale, sandstone, and shale 80 

Coal 1 2 

Inter^'al , 40 

Coal 1 11 

InterN-al 115 

Coal, Poplar Lick 5 

Inter\'al 1 50 

Coal, San<istone Parting(?) 8 

Inter\al 100 

(V«| 1 

Int4'rval ( Mingo coal, 40? feet from bottom, not seen ) 80 I) 

S«n<lstone, massive, cros8-lie<ide<l. Fork Ridge 50 

Otnl \ 1 9 

Int«r\'al to month of creek 80 



Ft. 
1,208 
1,202 
1,252 
1,292 
l,2tH 
1,824 
1,825 
1,865 
1,867 
1,482 
1,487 
1,637 
1,640 
1,740 
1,742 
1,922 
1,972 
1,970 
2,000 



in. 



10 

10 

10 

6 

6 

8 

8 



Sevi-ral o{x;nin^ on the Poplar Lick coal had the position of that coal as mapped 
by tb<^ I»ul*?vilie Property Company. 
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Section on hextd of St^jny Fork, 
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No. on 
map. 



221 



228 
223 
224 
229 
231 
232 
23:^ 
234 
238 



252 



Thickness. 



Total thick- 
ness. 



Ft. 



Interval from top of mountain 780 

Coal, Lower Hignite I 3 

Sandstone, massive 40 

170 



Interval, largely sandstone 

Coal 

Shale 



Coal, Klondike? . 

Interval 

Coal 

Interval 



Coal 

Interval 

Coal, Poi)lar Lick. 
Interval 



Coal 

Interval, shale. 
Coal 



Interval, shale 

Coal, bloom 

Interval, shale and sandstone , 

Coal 

Sandstone 

Coal 

Interval 



2-f 

5 

3 
45 

1 
20 


40 

5-1 
90 


70 

1 
30 



Ft. 

780 

783 

823 

993 

995 
1,000 
1,003 
1,048 

i,oho 

1,070 

1,070 11 

1,110 11 

1,115 11 

1.205 11 

1.206 2 

1.276 2 

1. 277 8 
i,:w 8 



in. 

4 
4 
4 
4 
4 
9 
9 
1 
1 



35 
1 

20 
1 

70 




O' 

I 





i,:«2 8 

i,:«3 8 

1,363 8 

1,3()5 2 

1,435 2 



Coal(?) (estimated positioirof Mingo (roal not found). 

Interv'al 

Sandstone, Fork Ridge, massive, cliff making 

Coal 

Interval to mouth of Coal Branch 



40 

40 

1 

30 



1,475 2 

1.515 2 

1.516 11 
1,546 11 



Though these last two sections differ in detail they seem to be in general agree- 
ment, if the Poplar Lick coal is used as a ke}^ stratum. On these streams the Poplar 
Lick coal appears to be about 110 feet below what is correlated as the Klondike coal, 
and about 320 feet below the coal that is considered to be same as the Lower Hig- 
nite on Hignite Creek. On Stony Fork the most prominent cliff-making sandstone 
above the Fork Ridge occurs just below the Lower Hignite coal. 

The Fork Ridge sandstone, which was used as a kej' rock in the Bennett Fork 
district, can also be traced through part of this district. It crosses Stony Fork a 
short distance above the mouth of Coal Branch, and from there can be traced down 
on the north side of Stony Fork to the flat area around Middlesboro. The lower 
sandstone keeps about the same distance below, 100 to 120 feet, along the flank of 
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the mountains. At the mouth of Hignite Creek the top of the Fork Ridge sand- 
stone is about 230 feet above the mouth of the creek, or nearly 1,600 feet above 
sea level. Up Hignite Creek it is carried down by the northwest dip, so that it 
crosses the creek at a much lower elevation. These two sandstones are prominent 
on Bean Fork Branch, the top of the Fork Ridge sandstone crossing the creek bed 
at an elevation of about 1,670 feet by barometer. On Little Clear Creek the two 
sandstones are again seen in places, the top of the upper sandstone crossing the 
headwaters of Little Clear Creek at an elevation of about 1,590 feet. These sand- 
stones were not certainly recognized on Clear Creek. These sandstones and the 
facings on the Poplar Lick coal were the main factors in determining the strati- 
graphy and structure of this district. 

So far as known no coals have been found in the Lee formation as exposed in 
this district in Pine Mountain. Several thick coals are reported in the oil-well 
drilling. But such data are not usually reliable as to thickness of coals. 

COALS. 
COALS OF MINGO FORMATION. 

The Mmgo formation is defined in this area as running from the bottom of the 
Poplar Lick coal to the bottom of the Chenoa cannel coal of Bear Creek. It con- 
tains the Sandstone Parting coal, or, as it has frequently been called in this district, 
the ^* Buckeye Spring" coal, the Mason coal, which is thought to be the representa- 
tive of the Mingo coal, the Chenoa cannel coal, and possibly one or two coals between 
the Mingo coal and Chenoa cannel coal which may locally reach a workable thick- 
ness. The Chenoa cannel coal is thought to have about the same stratigraphic 
position as the Bennett Fork coal, though it can not be asserted that they are 
actually at the same horizon. 

CHENOA CANNKL COAL. 

This coal was mined extensively at the Mary Hull mine at Chenoa from 
November, 1893, until the mine was abandoned in July, 1899. The cannel coal 
here, as is usual with cannel coal, proved to be in a basin, which could be mined 
for a width of about 600 feet and which was followed down the dip for a distance 
of about 4,000 feet. In the first 400 or 500 feet the dip is about 8^, in the next 
400 or 600 feet its dip is 5°, gradually decreasing to 2° or less. On account of the 
position of the coal and of the fact that it has been entered from the upper end 
of the dip, the cost of working necessarily increased constantly until it became 
prohibitive. At the time operations ceased plans were on foot for making a new 
opening by a slope, in order to reach the coal near the present face. This coal 
shows a total section of over 7 feet in the center of the basin, thinning out to 
the edges of the basin. The upper part is bituminous while the lower part is 
cannel. One section reported by Mr. Crandall, gave 34 inches of bituminous coal 
on top, separated by 1 inch of charcoal from 52 inches of cannel coal at the bottom. 
Near the ventilating furnace the section showed 7 inches of cannel coal, 9i inches 
of bituminous coal, 18 inches of hard clay shale, 17 inches of bituminous coal, and 
14 inches of cannel coal — a total of 97 inches. Usually there is a single block of 
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bituminous coal above the shale parting which may resemble cannel at the top or 
bottom. The thickness of the cannel coal bench ranges from about 55 inches in the 
center of the basin to 30 inches at the sides. The following analyses are by Dr. 

Robert Peter: 

Analyses of Chenoa coal. 



Constituent. Cannel. 



Moisture , 1.00 

Volatile corabiiBtible matter 51. 60 

I 

Fixed carlwn 40. 40 

Ash 7.00 

Sulphur I .739 



Bituminous. 



1.70 
32.60 
62.30 

3.40 
.684 



From the nature and origin of cannel coal it will be impossible to predict 
the further extent of this coal. According to the usually accepted theory of its 
origin, cannel coal is always confined to more or less limited basins, often 
showing a good thickness in the center of the basin, but usually running out to 
a feather edge on the margin. The further extent of this coal can be determined 
only by drilling; or, by driving entries from the old works, if that is possible. 
No outcrop of this coal showing similar characters has been noted on Little 
Clear Creek, while its horizon is entirely below drainage on Stony Fork. 



MINOO COAL. 



No outcrop that could be t5ertainly recognized as the Mingo coal was seen 
on Stony Fork or its branches. At several places evidence of a coal having 
been faced at this horizon was found, but when visited all of the facings had 
fallen in, suggesting that the coal had not proved of workable thickness. On 
Bean Fork Branch this coal may be represented by 11 inches of coal with 5 inches 
of cannel shale 3 inches above, which Mr. Crandall gives in his section on Bean 
Fork Branch (301), or it may be represented by the 26 inches of coal 100 feet 
higher (300). On Little Clear Creek a coal at what was thought to be the 
horizon of the Mingo coal was reported; being a low-grade cannel, its thickness 
was not obtained. On Clear Creek Mr. Elliott states that this seam has a thickness 
of 47i inches with a 1-inch parting 14i inches from the top. He gives 46 inches as 
the average thickness of the coal as shown by three measurements. The Ramsey 
coal reported on Bear Creek by Mr. Fitzhugh may be the same coal. He gives its 
thickness as 30 inches. On Bean Fork Branch the coal at this horizon was reported 
to be 5 feet thick, and at one place appeared to have been opened and worked, but 
the opening was closed when examined and the report could not be verified. A 
sample of the Mason coal, representing the entire thickness of the seam, was sent to 
Mr. Hislop, of Paisley, Scotland, who describes it as follows: 

''The coal is black, of considerable luster and brown streak, while in texture 
it is irregular and resinoid, containing some deposits of charcoal; cross fractures, 
angular, highly crystalline, and pure in composition, moderately cohesive and 
compact; on the fire it intumesces and agglomerates; color of ash, brown; thickness 
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of seam, 50 inches, and of very uniform density; mean specific gravity, 1,225 
(water, 1,000); weight of one cubic foot, 76.66 pounds.'" 

Cliemical analifsia of axU on Bear Creek. 

Per cent. 

Moisture 4. 35 

Volatile combiifitible matter ^33.01 

Fixed carbon 61. 44 

Sulphur 45 

Ash 75 

Mr. Hislop reports that this coal showed the smallest amount of ash and 
sulphur he had ever obtained in a bituminous coal. On the whole, therefore, this 
coal may l)e considered workable in a limited area on Clear Creek side, but 
elsewhere its workability must be considered doubtful unless further exploration 
shall show the coal to be Ijetter and thicker than it is at present known on the 
Little Clear Creek and Stony Fork side. 

Below the Mingo coal several coals of nearly workable thickness have been 
opened. Just below the mouth of Coal Branch a coal opened immediately under 
the Fork Ridge sandstone shows a thickness of only 21 inches, and is sepamted 
by 3 feet of shale from the sandstone above. At the mouth of Hignite Creek 
the coal has a thickness of 29i inches, and a H-inch parting lo inches from the 
bottom. This immediately underlies a sandstone. A short distance farther up 
Stony Fork the same coal shows a thickness of only 27 inches with a 2-inch 
parting S inches from the bottom. On Little Clear Creek what is sometimes 
called the ''Miracle" coal was reported at one place to show a thickness of 40 
inches with 3 to 4 inches of clay parting near the top. At another point, sup- 
posedly the same coal was reported as 30 inches thick, but only 12 inches were 
seen. It here has from 2 to 10 inches of clay over it with 5+ feet of sandstone 
above. On the whole it may be said that as far as found no workable coals 
exist between the Mingo and the Chenoa cannel. 

« 

SANDSTONE PARTING COAL. 

Mr. Fitzhugh reports the Sandstone Parting coal (Buckeye Spring) as showing 
on Bear Creek (417) 38 inches of coal with a 1-inch bench of soft coal 4 inches from 
the top. Mr. Crandall reports this coal as 2 feet 7 inches thick on Bear Creek (395). 
On liittle Clear Creek this coal has a total thickness of 36i inches (372). The sand- 
stone parting here is 2 inches thick and 26 inches from the top. Below it are 2i 
inches of cannel shale. The roof is a gray shale. The parting here ranges from a 
sandy or gritty shale to a sandstone. On Polk Hollow Mr. Fitzhugh reports this 
coal as 36 inches thick with a 3-inch shale parting 24 inches from the top. In the 
section of the coals at the head of Little Clear Creek Mr. Crandall reports this coal as 7 
inches thick (334). On Bean Fork Branch Mr. Crandall reports this coal as 44 inches 
thick (460). The sandstone parting here is from 1 to 3 inches thick and comes 30 
inches from the top; below it is 6 inches of shale. The section here, as will be seen, 
ver\' closel}"^ resembles that on Little Clear Creek. In his sections of the coals on 
Bean Fork Branch Mr. Crandall makes this coal 45 inches thick with a 7-inch shale 
parting 16 inches from the top, and with a 2-inch sandstone parting 9 inches from the 
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Scale: 1 inch=5 feet. 



i 



SECTIONS IN STONY FORK-CLEAR CREEK DISTRICT. 



85 



Another report to the same company by Mr. R. H. Elliott gives still other 
intervals. 

Cdals and intervals on Bear Creek. 



No. on 



442 



443 



Stratum. 



! Thickness of jTotaJthick- 
interval. | inter^alB. 



Coal, Red Spring. 

Interval 

Coal, Upper Hi^ite. 

Interval 

Coal, Lower Hignite. (See PI. XIIL ) 

Interval 

Coal, Poplar Lick. 

Interval 

Coal, Buckeye Spring. 

Interval 

Coal, Ralston. 

Interval 

Coal, Mason. (See PI. XIII. ) 

Interval 

Coal, Chenoa cannel. 



Feet. 



365 

25 

208 

157 



I 



110 I 

20 

405 



Feet. 
355 

380 

588 

745 

855 

875 

1,280 



In May, 1896, a drilling was made for oil on Bear Creek by the Log Mountain 
Coal, Coke, and Timber Company. The record is kindly furnished by their suc- 
cessor, the Louisville Property Company. This drilling started at 81 feet above 
the bottom of the Mason coal and was reported as starting ''about 225 feet" below 
the Poplar Lick coal. The record as given by the drillers is as follows: 

Record of oil well drilled on Louisville Property Company* s hnuh near Chenoa ^ Ky. 



stratum. 



Thick- 
I ness. 



Total. 



Clay 

Slate 

Sandstone, brown 

Bituminous coal. Mason seam . . . 

Slate 

Sandstone, with water 

Slate 

Sandstone, white 

Slate 

Bituminous coal, "supposed Blue 
Gem?»' 

Slate and shale 



Feet. 

27 

45 

5 

4 

10 

36 

5 

37 



4| 

60 i 



Feet. 

27 

72 

77 

81 

91 

127 

132 

169 

245 

249 
309 



stratum. 




Thick- 
ness. 


Total. 


• 
BituminouH coal 


Fett. 
2 

20 

2 

40 

10 

28 

4 
o 


Feet. 
311 


Slate 


331 


Bituminous coal 


333 


Slate 


373 


Sandstone, with water 


383 


Slate - - - - 


411 


Bear Creek cannel coal ; 
coal 


''Chenoa" 


415 


Fire dav 


417 



Slate 

Sandstone 
Slate 



37 
30 

8 



454 
484 
492 
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Record of oil well drilled on Louisr'dk Property Company's lands near Chenoa, Ky. — Continue<l. 



Stratum. 



Sandstone, black 
Slate and Hhale . . . 
Sandstone, black . 

Slate 

Sandstone, black . 

Slate 

Sandstone, white . 

Slate 

Sandstone, white . 

Slate 

Sandstone, gray... 
Sandstone, white . 

Slate 

Sandstone, dark . . 

Slate 

Sandstone, dark . . 

Slate 

Sandstone, dark . . 



Thick- 


Total. 


Feet. 


Fi-et. 


9 


501 


So 


591 


22 


613 


35 


048 


5 


653 


5 


658 


11 


669 


3 


672 


11 


683 


30 


713 


20 


733 


46 


778 


15 


793 


10 


803 


35 


838 


2 


840 


35 


875 


10 


885 



Stratum. 



Slate 

Sandstone, white; Yellow Creek 
sandstone ? 

Slate 

Sandstone, Xaese, top of Lee 
formation 

Slate I 

Sandstone, white i 

Bituminous coal 

Sandstone, white I 

Slate ^ 

Sandstone, white 

Slate 

Sandstone, white 

Bituminous coal 

Sandstone, white. .-. 

Bituminous coal 

Sandstone, white 



Thick- 
ness. 


Total. 


Feet. 


Ftei, 


15 


900 


50 


950 


38 


988 


256 


^1,244 


4 


1,248 


84 


1,332 


4 


1,336 


176 


1,512 


5 


1,517 


111 


1,628 


5 


i,6;« 


74 


1,707 


2 


1,709 


72 


1,781 


6 


1,787 


30 


1,817 



Along the lower course of Clear Creek the Naese sandstone makes cliflFs over 
130 feet high, and its bottom is not exposed. It therefore seems probable that 
the sandstone reported 256 feet thick represents that sandstone and the top of 
the Lee. The 50 feet of sandstone 38 feet above would correspond with the 
Yellow Creek sandstone. Accoi'ding^ to that correlation, on Bear Creek the top of 
the Lee is 1,211 feet below the Poplar Lick coal. The top of the Lee is not 
exposed on Bennett Fork nor on Bear Creek, nor are the correlations of the 
Mingo coal with any of the coals of Bear Creek or the Chenoa cannel coal with 
any of the coals on Bennett Fork certain. A comparison of the intervals between 
the coals below the Poplar Lick indicates that these intervals decrease from Bennett 
Fork to Bear Creek and that the Mingo coal occupies about the position of the 
Mason coal on Bear Creek and the Chenoa cannel coal comes at about the horizon 
of the Bennett Fork coal. While it is possible that exact correlation between 
the coals at those horizons exists, with present data such correlation can not be 
asserted. The following table shows the thinning of the spaces mentioned from 
south to north: 
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Comparison of intervals between coals on Bennett Fork and Bear Creek. 
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A. 
1^. 

C. 
D. 
E. 



Ben net I 
Fork. 


Slickrwk 
Branch, 


Little Clear 
Creek. 


Bear Creek 

(drilling). 


Ftct. 


Fed. 


Ft'H. 


Feet. 


230 


210 


210 




285 


210 


140 




51o 


420 


350 


30« 


440 






334 


560? 






571 











A. Interval between Poplar Lick coal and Sandstone Partini? (Buckeye bpring) coal. 

B. Interval between Sand.stone Parting and Mingo (Mason) coal. 

C. Interval between Poplar Lick and Mingo (Mason) coal. 

D. Interval between Mingo coal and Bennett Fork coal .on Bennett Fork, and Mason coal and Chenoa cannel coal 
on Bear Creek. 

E. Interval from top of Lee .^yindstone to Bennett Fork or Chenoa c^innel crml (hypothetical on Bennett Fork). 
This interval of 560 feet Is based on a comparison of the intervals between the coals on Bennett Fork and those to 
the east in Jackson Mountain, as shown below. 

Intervals between coals on Bennett Fork and Jackson Mountain, 

Feet. 

Top of Jesse sandstone to Wallins Creek coal 320 

Top of sandstone just under I^wer H ignite coal to Poplar Lick coal 340 

Wallins Creek coal to Creech coal 460 

Poplar Lick coal to Mingo coal 515 

Creech coal to Hance coal 500 

Mingo coal to Bennett Fork coal 440 

Hance coal to top of Lee sandstone b(\0 

Bennett Fork coal to top of Lee sandstone 500 -*- (?) 

The above facts are among those which have led us to believe that the 
Chenoa cannel coal is about at the horizon of the Bennett Fork coal on Bennett 
Fork, of the Hance coal on Hance Ridge, and of the Harlan coal of the Harlan 
district, and so has been taken as the top of the Hance formation in the Clear 
Creek district. Also that the Mason coal is about at the horizon of the Mingo 
coal, and the Mingo coal in turn at the horizon of the Creech coal on Jackson 
Mountain; and that the Popkr Lick coal of this region is at the horizon of the 
Wallins Creek coal of the eastern part of the field. ^ 

"Since the above was written a map has been received from the I.oiiisville Property Company upon which are 
given Home actual elevations on the Hignite coal, the Poplar Lick coal, the Sandstone Parting coal, and the Mason coal. 
Taking points at which there are elevations on two coals near each other and apj)roxinmtely in the strike of the 
rocks, we are able to get differences of elevation which pn:)bably give with considerable accuracy the vertical intervals 
between these coals. According to these measurements the interval between the Lower Hignite coal and the Poplar 
Lick coal is 280 feet on Bear Creek, 278 feet on Cany Fork of Clear Creek, 337 feet on Stony Fork, and 295 feet on Hignite 
Creek. In the last case the measurement gives the vertical distance between two outcrops some distance apart near 
the bed of the stream so that the stratigraphic interval should be somewhat greater. From this it would appear that 
the interval from the Hignite coal to the Poplar Lick coal is somewhat less than 360 feet in the Stony Fork basin and 
somewhat less than 300 feet in the Clear Creek basin. From the Poplar Lick to the Sandstone Parting coal similar 
measurements give 152 feet on Bear Creek, 175 feet on Cany Fork of Clear Creek, 141 feet on Ben Fork of Little 
Clear Creek, 168 feet on the headwaters of Little Clear Creek. 178 on Coal Creek, and 190 on Stony Fork. From the 
Sandstone Parting coal to the Mason coal on Cany Fork is 221 feet; on Ben Fork, 259 feet, the total interval from the 
Poplar Lick coal to the Mason coal on Ben Fork being 400 feet. On Laurel Branch the inter>'al from the Poplar Lick 
to the Mason coal is 365 feet. Several measurements on Stony Fork from the Hignite to the Sandstone Parting coal 
gave an average of 540 feet. 

According to this map the top of the oil well referred to above Is 364 feet below the outcrop of the Poplar Lick 
coal, a few rods to the east and in the line of strike, which would make 4^5 feet from the Poplar Lick to the Mason 
41— No. 49—06 7 
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Sections in several valleys in other parts of the district are given below : 

Section {compiled) on Little Clear Creek. 



No. on 
map. 



326 
327 
328 
329 
330 

3:n 

332 
333 
334 
366 
365 
364 
363 

:^*2 

361 
:i59 



Thickness. 



I Total thick- 



Interval from top of mountain, shale and sandstone. 
Coal, Red Spring 



Interval . 
Coal . . . . 
Interval . 
Coal .... 
Interval . 
Coal .... 
Interval . 

Coal 

Interval . 



Ft. 
160 

o 
210 

5 
200 



in. I 



o! 
ol 

7 I 
I 



Ft. 
160 
165 
375 
:i80 
580 



Coal, Lower Hignite 
Interval 



Coal, Klondike ... 

Interval 

Coal, Poplar Lick . 
Interval 



80 
2 

25 



Coal, Sandstone Parting (Buckeye Spring). 
Interval 



Coal, bloom 

Interval, sandstone and hidden . 

Coal, bloom 

Interval, shale 

Coal, bloom (Mingo?) 

Interval, shale 

Coal, bloom 

Inter\*al, sandstone and shale... 

( 'oal. Miracle 

Interval 

Coal, bloom . . .' 

Interval 



30 

4 
185 

4 
110 

4 
180 

2 

30 



717 

721 

906 

911 

1,021 

1,025 

l,2a5 

1,207 

1,237 



60 
90 
50 



Coal 

Interval, to mouth of Ben Fork. 



I 660 7 
2 I 662 9 
I 687 9 



9 

10 

10 

2 

2 

6 
6 
9 
9 



I 1,297 9 



1,:«7 9 



1,437 9 



90 





1,527 


9 


2 


6 


1,530 


3 


90 





1,620 


3 


120 





1,740 


3 


1 


5 


1,741 


8 


30 





1,771 


8 



coal, us correlnted in tlie oil well. This Is somewhat more than the measurement obtained from outcrops on Cany 
Pork or from the outcrops in the valley of Little Clear Cnrek, and if correct would indicate comparatively little 
thinniuK iK'tween Bennett Fork and Clwir Creek. The same map gixem the elevation of the cannel coal at the head 
of the mine where it is but a short dL«»tance fn)m the otitcrop of the Poplar Lick coal as H58 Icet below the Poplar 
Lick coal, which agrees in a K^>neral way with the aM.sumed thickness of the Mingo formation in this district. These 
figures seem to confirm the (correlations made alK)ve that the Mason coal is about at the horizon of the Mingo coal 
and the cannel coal about at the horizon of the Bennett Fork coal. 
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The lower part of the above section was obtained between the mouth of Ben 
f'ork and Webb Gap. Along the main stream the Fork Ridge sandstone and the 
sandstone 100 feet lower make small cliffs. The Fork Ridge sandstone is thought to 
come just below coal No. 368 of the above section. On the main stream the vertical 
distance between the Poplar Lick and Klondike coal is — from 75 to 100 feet; that 
between the Poplar Lick and the Sandstone Parting coal l)elow is from 140 to 
160 feet, and that from the Sandstone Parting coal to the top of the Fork Ridge 
sandstone is 150 feet. A sandstone that is thought to immediately underlie the' 
Red Spring coal makes prominent cliffs all around the top of the mountains at 
the head of this creek. 

Section on Bean Fork Branch of YeUoir Creek [A, IL Orandall). 



No. on 
map. I 

-■- -| 

I 

282 '• 

I 

283 I 

I 

284 

I 

285 ' 
286 

287 

288 ' 

289 , 

290 j 

291 I 
I 

292 , 

293 
294 
295 
296 



stratum. 



Interval to top of ridge . 

Coal, Ketl Spring 

Interval 

Coal 



Interval, contains <'.liff-nmking sandfltone 

Coal 

Inter\'al 

Coal 

Interval 

Coal 



hickness. 


Total thick- 
new. 


Ft. in. 


Ft. in. 


70 


70 


5 1 


75 1 


20 


95 1 



80 



Interval 

Coal 

Interval 

Coal 

Interval 

Coal, cannel nhale 
Interval 



50 



Coal, Ix)wer Hignite 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal 

Interval 

Coal 

Intt»rval 



175 1 



60 





2:« 


1 




6- 


236 


7 


50 





285 


7 



:«5 



Coal, Poj)lar Lick , 
Inter\'al 



:^5 


<^ ; 


370 


7 




8 


371 


3 


75 





446 


3 


(U) 





506 


3 


3 


I 


509 


4 


55 





564 


4 




1 


564 


8 


70 





(m 


8 


1 


1 


635 


9 


65 





670 


9 


2 


1 


673 


2 


40 





713 


o 




9 


713 


11 


85 





798 


11 


1 





799 


11 


45 





844 


11 


3 


3 


847 


2 


65 


1 


913 


2 
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CUMBERLAND GAP COAL FIKLD, KENTUCKY. 
Section on Bean Fork Branch of Yellow Of ^ A*— Continued. 



No. on 
map. 



2^)7 
298 
29« 
300 
301 
302 
303 



stratum. 



Thickiieas. 



Total thick- 
new*. 



Ft. in. I Ft. in. 

Coal 1 3 I 914 5 

Interval 100 i 1,014 5 

Coal 1 4 ! 1,015 9 

Inter\'al 5 j 3,020 9 

Coal, Sandstone Partinjr 3- j 1,023 : 9 

Interval 115 ' 1,138 9 

Coal 2 2 11,140 11 

Interval 115 1,255 11 

Coal 11-' 1,256 10 

Interval 50 1 , 306 10 

Coal 1 3 1,308 1 

Interval 120 1,428 1 

Coal 

Interval to mouth of Bean Fork Branch 50 1, 478 1 



This section has a total thickness of about 1,500 feet. The topographic map 
and the sections up Bean Fork Branch show that the strata have a thickness of 
nearly 2,<X)0 feet vertical interval from the mouth to the top of Canada Peak, and 
as a coal bloom, taken to be of the Red Spring coal, occurs about 1<K) feet below 
the top of Canada Pe^k, it is judged that this section as given is 500 feet too short. 
The discrepancy between this section and our sections appeared to occur mainly at 
the base. In this section the coal, that is taken as the representative of the Mingo 
coal, occurs 220 feet above the mouth of the stream, while the position of the Fork 
Ridge sandstone, as traced into this valley, gave the elevation of the Mingo coal as 
640 feet above the mouth of the creek. This difference of 420 feet is nearh' e<jual 
to the shortage in the section. 

The section of Hignite Creek given on PL XII is likewise subject to question. 
The section given is the one obtained during the present survey. Some of the 
coal sections were obtained by side climbs, and on account of the dips and the 
changes in the character of the rocks it was in many cases difficult to join such 
side sections to the section obtained along the l>ed of the main stream. Thus a coal 
on the bank several hundred feet above the channel of the stream can not always 
be recognized in the l)ed of the main strearn a mile or two farther up, mainly on 
account of the lack of exposures between. 

A map prepared by the Louisville Property Company shows that the Poplar 
Lick coal on Hignite Creek is 65J) feet above the !nouth. Our measurements by 
barometer gave 61)0 feet as the elevation of the Poplar Lick coal above the mouth. 
Messrs. McCreath and dMnvilliers give the section of a coal measured on Hignite 
Creek which has the chamcteristic sandstone parting of the Sandstone Parting coal. 
This, they report, is at an elevation of 650 feet alK)ve Stony Fork. If the last section 
was near the southern face of the divide east of Hignite Creek, as reported by 
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MeCreath and d'Invilliers, it is possible that the dip would carry it a proper 
distance below the Poplar Lick coal at the point where the horizon of the latter 
crosses Hignite Creek. Again there is a variation in the measurements of the 
interval between the Poplar Lick coal and the Lower Hignite; ours, by barometer, 
gave almost 400 feet; Mr. Justice, of the Louisville Property Company, got 226.25 
feet. Whether this difference is due to measurements between different coals or to 
errors in one of the measurements it is not possible to say. Accordingly the 
following section is given with some question: 

Section on Hignite Creek, 



stratum. 



Top of Log Mountains 

Interval * 

Coal, Red Spring 

Sandstone, Red Spring, cliff making 

Inten'al 

Coal, Upper Hignite Creek 

Interval , 

Coal, Lower Hignite 5 

Interval 

CJoal 

Interval, mainly sandstone » . . . 

CoslI... 

Interval, mainly sandstone 

Ck)al 

Shale 

Coal 

Shale 

Coal 

Interval, sandstone at top 

Sandstone, cliff making 

Interval 

Coal, Poplar Lick 

Interval 

Coal 

Interval j 100 

Coal I 1 

Intenal j 60 

Sandstone, cliff making, massive cross-bedded, makes falls at forks of creek 60 



Thickness. 



Ft. 



in. 



230 

2+ 
40 



Total thick- 
ness. 



Ft. 



460 
4 

12 
3 

30 

120 
fll 
30 

1 
15 

1 
10 

90 
60 
40 
^6 
220 




10 

6 



1 

8 

1 

8 



8 

9 

4 





Coal, estimated i>osition of Mingo coal I 2-h 

Interval I 40 

Coal facing fallenin 



232 

. 272 

732 

736 

748 

752 

782 

784 

904 

905 

935 

937 

952 

953 

963 

963 

1,053 

1,103 

1,143 

1,150 

1,370 

1,371 

1,471 

1,472 

1,532 

1,592 

1,594 

1,634 







10 

10 

4 

4 

4 

4 

5 

5 

1 

1 

2 

2 

10 

10 

10 

10 

6 

6 

8 

S 

7 

7 

7 

7 

7 



a 8 inches to 1 foot 1 inch. 



bA feet to 6 feet H inches. 
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Section on Ilignile Creek — Continued. 

Slratum. ' ThickiieHH. I "^^^'Jij**^*^ 

Ft. in. Ft. in 

is^\>^s^»^\w, Fi.rk Riil^ze, makes iliff? 30-r 1, 6t>4 

Intrr\al 150 1,814 

C:al 2 6 1,817 

:?hale 25 1,842 : 

0:«1 8 ' 1,842 : 

.<an<isT«tntr ami hiiale 60 1 , 902 : 

C«ii 1 6 1,904 ] 

Imervai tn ini»otli of f-reek 20 1,924 1 

_ __ ■ I 

'St'fiion on R(M'khou)te Branch of Stony Fork, 
^^[f stratum. Thickness. '^'***^e!.!?.*''*' 



Ft. 

lfjt»-rval fpim top of I>»j; Mountains 1,200 

it44 Oial, ly^wer Hijfiiite(?» 2 

Int*-r\-al 50 

Sandrtone. f liff makinju: 40 

JMi i'<Ai\ 1 

Int«rr\-al, Handy j-)iali*. sandstone, and siiale .SO 

t^7 iv^l 1 

Int4-r\'at 40 

ta-'p fVjal .* 1 

Intenal 115 

IM- 0«1, Pojilar Lirk 5 

Int^nal 150 

:£r,] C^in). SandPtrme Parting(?) 3 

InUfn-al 100 

Z'/i Oittl 1 

Inten-al i Miu(?<i coal, 40? feet fn)ni bottom, not seen ) 80 

Sandstone, niansive, <*rosH-t)edde<l, Fork Rid^ 50 

*J.^2 Oial \ 1 

Inter\'al Vp month of creek 'M) 





10 

I 

I 

«i 

; 
2 



11 i 


^ 

i 



(\ 


o' 

9 



Ft. in. 
1,208 
1,202 10 



1,252 
1,292 
1,294 
1,:^24 
1,325 
1,3(>5 
1,367 
1,482 
1,487 
1,637 
1,640 
1,740 
1,742 
1,922 
1,972 
1,970 
2,0(X) 



10 
10 
6 
6 
8 
8 



Several ofjenin^ on the Poplar Lick coal had the position of that coal as mapped 
by the I»uii4ville Projierty Company. 



SECTIONS IN STONY FORK-CLEAR CREEK DISTRICT. 

Section on head of Stony Fork. 



93 



No. on 
map. 



221 



Stratum. 



Thickness. '^"^L^^*^'^- 



/v. 

Interval from top of mountain ; 780 

Coal, Lower Hignite 3 

Sandstone, massive 40 

Interval, largely sandstone j 170 

Coal 



228 
223 
224 
229 
231 
232 

233 i 

234 I 
238 ' 



Shale 

Coal, Klondike? . 

Interval 

Coal 

Interval 



Coal 

Interval 

Coal, Poplar Lick. 

Interval 

Coal 

Interval, shale 

Coal 



Interval, nhale 

Coal, bloom 

Interval, shale and atmdstone . 

Coal 

Sandstone 

Coal 

Interval 



2-t- 

5 

3 
45 

1 
20 


40 

5-; 
90 


70 

1 
30 



m. 


4 




5 

4 

10 



3 

6 




Ft. 

780 

783 

823 

993 

995 

1,000 

1,003 

1,048 

i,ofeo 

1,070 
1,070 
1,110 
1,115 
1,205 
1,206 
1,276 
1,277 
1, :i07 



in. 



4 

4 

4 

4 

4 

9 

9 

1 

1 

11 

11 

11 

11 

2 

2 

8 

8 



-I- 



252 



35 
1 

20 

1 

70 

Coal(?) (estimated i)osition'of Mingo coal not found ) 

Interval 40 

Sandstone, Fork Ridge, massive, cliff making 40 

Coal 1 

Interval to mouth of Coal Branch 30 



1,:«2 8 

1,343 8 

1,363 8 

1, 365 2 

1,435 2 



1,475 2 

1.515 2 

1.516 11 
1,546 11 



Though these last two sections differ in detail they seem to be in general agree- 
ment, if the Poplar Lick coal is used as a key stratuuL On these streams the Poplar 
Lick coal appears to be about 110 feet below what is correlated as the Klondike coal, 
and about 320 feet below the coal that is considered to be same as the Lower Hig- 
nite on Hignite Creek. On Stony Fork the most prominent cliff-making sandstone 
above the Fork Ridge occurs just below the Lower Hignite coal. 

The Fork Ridge sandstone, which was used as a key rock in the Bennett Fork 
district, can also be ti*aced through part of this district. It crosses Stony Fork a 
short distance above the mouth of Coal Branch, and from there can be traced down 
on the north side of Stony Fork to the flat area around Middlesboro. The lower 
sandstone keeps about the same distance below, 100 to 120 feet, along the flank of 
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the mountains. At the mouth of Hignite Creek the top of the Fork Ridge sand- 
stone is about 230 feet above the mouth of the creek, or nearly 1,600 feet above 
sea level. Up Hignite Creek it is carried down by the northwest dip, so that it 
crosses the creek at a much lower elevation. These two sandstones are prominent 
on Bean Fork Branch, the top of the Fork Ridge sandstone crossing the creek bed 
at an elevation of about 1,670 feet by barometer. On Little Clear Creek the two 
sandstones are again seen in places, the top of the upper sandstone crossing the 
headwaters of Little Clear Creek at an elevation of about 1,590 feet. These sand- 
stones were not certainly recognized on Clear Creek. These sandstones and the 
facings on the Poplar Lick coa,l were the main factors in determining the strati- 
graphy and structure of this district. 

So far as known no coals have been found in the Lee formation as exposed in 
this district in Pine Mountain. Several thick coals are reported in the oil-well 
drilling. But such data are not usually reliable as to thickness of coals. 

COALS. 
COALS OF MINGO FORMATION. 

The Mmgo formation is defined in this area as running from the bottom of the 
Poplar Lick coal to the bottom of the Chenoa cannel coal of Bear Creek. It con- 
tains the Sandstone Parting coal, or, as it has frequently been called in this district, 
the ^* Buckeye Spring" coal, the Mason coal, which is thought to be the representa- 
tive of the Mingo coal, the Chenoa cannel coal, and possibly one or two coals between 
the Mingo coal and Chenoa cannel coal which may locally reach a workable thick- 
ness. The Chenoa cannel coal is thought to have about the same stratigraphic 
position as the Bennett Fork coal, though it can not be asserted that they are 
actually at the same horizon. 

CHEKOA CANNKL COAL. 

This coal was mined extensively at the Mary Hull mine at Chenoa from 
November, 1893, until the mine was abandoned in July, 1899. The cannel coal 
here, as is usual with cannel coal, proved to be in a basin, which could be mined 
for a width of about 600 feet and which was followed down the dip for a distance 
of about 4,000 feet. In the first 400 or 500 feet the dip is about 8^, in the next 
400 or 600 feet its dip is 5°, gradually decreasing to 2^ or less. On account of the 
position of the coal and of the fact that it has been entered from the upper end 
of the dip, the cost of working necessaril}'^ increased constantly until it became 
prohibitive. At the time operations ceased plans were on foot for making a new 
opening by a slope, in order to reach the coal near the present face. This coal 
shows a total section of over 7 feet in the center of the basin, thinning out to 
the edges of the }>asin. The upper part is bituminous while the lower part is 
cannel. One He(».tion reported by Mr. Crandall, gave 34 inches of bituminous coal 
on top, Hfjiarated by 1 inch of charcoal from 52 inches of cannel coal at the bottom. 
Near the ventilating furnace the section showed 7 inches of cannel coal, 9i inches 
of bituminous coal, 18 inrrhoi* of hard clay shale, 17 inches of bituminous coal, and 
14 inches of cannel (;oal — a total of 97 inches. Usually there is a single block of 
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bituminous coal above the shale parting which may resemble cannel at the top or 

bottom. The thickness of the cannel c^oal bench ranges from about 55 inches in the 

center of the basin to 30 inches at the sides. The following analyses are by Dr. 

Robert Peter: 

Analyses of Chenoa coal. 



(Constituent. 



Moisture 

Volatile crombuetible matter 

Fixed carlxjn i 

Ash , 

Sulphur 1 



Cannel. 


BitumlnDUfi. 


1.00 


1.70 


51.60 


32.60 


40.40 


62.30 


7.00 


3.40 


.739 


.684 



From the nature and origin of cannel coal it will be impossible to predict 
the further extent of this coal. According to the usually accepted theory of its 
origin, cannel coal is always confined to more or less limited basins, often 
showing a good thickness in the center of the basin, but usually running out to 
a feather edge on the margin. The further extent of this coal can be determined 
only by drilling; or, by driving entries from the old works, if that is possible. 
No outcrop of this coal showing similar characters has been noted on Little 
Clear Creek, while its horizon is entirely below drainage on Stony Fork. 



MINGO COAL. 



No outcrop that could be tsertainly recognized as the Mingo coal was seen 
on Stony Fork or its branches. At several places evidence of a coal having 
been faced at this horizon was found, but when visited all of the facings had 
fallen in, suggesting that the coal had not proved of workable thickness. On 
Bean Fork Branch this coal may be represented by 11 inches of coal with 5 inches 
of cannel shale 3 inches above, which Mr. Crandall gives in his section on Bean 
Fork Branch (301), or it may be represented by the 26 inches of coal 100 feet 
higher (300). On Little Clear Creek a coal at what was thought to be the 
horizon of the Mingo coal was reported; being a low-grade cannel, its thickness 
was not obtained. On Clear Creek Mr. Elliott states that this seam has a thickness 
of 47i inches with a 1-inch parting 14^ inches from the top. He gives 46 inches as 
the average thickness of the coal as shown by three measurements. The Ramsey 
coal reported on Bear Creek by Mr. Fitzhugh may be the same coal. He gives its 
thickness as 30 inches. On Bean Fork Bi-anch the coal at this horizon was reported 
to be 5 feet thick, and at one place appeared to have been opened and worked, but 
the opening was closed when examined and the report could not be verified. A 
sample of the Mason coal, representing the entire thickness of the seam, was sent to 
Mr. Hislop, of Paisley, Scotland, who describes it as follows: 

"The coal is black, of considerable luster and brown streak, while in texture 
it is irregular and resinoid, containing some deposits of charcoal; cross fractures, 
angular, highly crystalline, and pure in composition, moderately cohesive and 
compact; on the fire it intumesces and agglomerates; color of ash, brown; thickness 
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of soani, 50 inches, and of very uniform density; mean specific gravity, 1,225 
(wator, UO<X)); weight of one cubic foot, 76.56 pounds." 

Otemical nnalymn of coal mi Bear Creek, 

Per cent. 

Mointure 4.35 

Volatile i*oinbu«tible matter !^ 33. 01 

Fixed carbon 61.44 

Sulpbur 45 

Ash 75 

Mr. Hisiop reports that this coal showed the smallest amount of ash and 
sulphur he had ever obtained in a bituminous coal. On the whole, therefore, this 
coal may be considered workable in a limited area on Clear Creek side, but 
elsewhere its workabilit\' must be considennl doubtful unless further exploration 
shall show the coal to be better and thicker than it is at present known on the 
Little Clear Creek and Stony Fork side. 

Below the Mingo coal several coals of nearly workable thickness have been 
opened. Just below the mouth of Coal Branch a coal opened immediately under 
the Fork Ridge sandstone shows a thickness of only 21 inches, and is sepamted 
by 8 feet of shale from the sandstone alx>ve. At the mouth of Hignite Creek 
the coal has a thickness of 2JH inches, and a H-inch parting 10 inches from the 
bottom. This immediately underlies a sandstone. A short distance farther up 
Stony Fork the same coal shows a thickness of only 27 inches with a 2-inch 
|>arting s inches from the bottom. On Little Clear Creek what is sometimes 
i-alled the '"Mirac^le" coal was reported at one place to show a thickness of 40 
inches with 3 to 4 inches of cla\' parting near the top. At another point, sup- 
posedly the same coal was reported as 30 inches thick, but only 12 inches were 
seen. It here has from 2 to 10 inches of clay over it with 5+ feet of sandstone 
aliove. On the whole it may be said that as far as found no workable coals 
exist Iwtween the Mingo and the Chenoa cannel. 

SANDHTONE PARTI NO IX>AL. 

.Mr. Fitzhugh reports the Sandstone Parting i^oal (Buckeye Spring) as showing 
on Bi!ar (>re^k (417) 38 inches of coal with a 1-inch bench of soft coal 4 inches from 
the t^>p. Mr. Crandall reports this coal as 2 feet 7 inches thick on Bear Creek (395). 
()u Little (yiear Creek this coal has a total thickness of 36^ inches (372). The sand- 
nt/irie [mrting here is 2 inches thick and 2G inches from the top. Below it are 2i 
inche!9 of cannel shale. The roof is a gray shale. The parting here ranges from a 
Kindy or gritty shale to a sandstone. On Polk Hollow Mr. Fitzhugh reports this 
i'trti\ as 36 inches thick with a 3-inch shale parting 24 inches from the top. In the 
wfi'tion of the <;oals at the head of Little Clear Creek Mr. Crandall reix»rts this coal as 7 
irir-hes thick (334). On I^.an Fork Bmnch Mr. Crandall reports this coal as 44 inches 
thick (460). The sandstone parting here is from 1 to 3 inches thick and comes 30 
ifu'hes from the top; below it is 6 inches of shale. The section here, as will be seen, 
very closidy resembles that on Little Clear Creek. In his sections of the coals on 
lii-an Fork Branch Mr. (Jrandall makes this coal 45 inches thick with a 7-inch shale 
[mrting 16 inches from the top, and with a 2-inch sandstone parting 9 inches from the 
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bottom (299). Messrs. McCreath and d'lnvilliers give a section of this coal as meas- 
ured by them on Hignite Creek (251) which shows a total of 60 inches of coal, a 2-inch 
parting 14 inches from the top, and 1 inch of sandstone 11 inches from the bottom. 
Two inches of bone coal immediately overlie the top bench. From these sections it 
will be seen that this coal presents a thickness of usually 3 feet or over, but that 
includes generally some shale and from 1 to 3 inches of sandstone. If the sandstone 
here, as in the Bennett Fork district, tends to stick to the coal and render the mining 
of the coal difficult, it is probable that this bed will be put in the class of non- 
workable coals. The thickest single bench ranges from al)out 1^ to 2^ feet, and is 
too thin to work by itself, so that while this coal will have a large area it will not be 
classed with the workable coals. 

COALS OF CATRON FORMATION. 

In the Log Mountains the Catron formation extends from the bottom of the 
Lower Hignite coal to the bottom of the Poplar Lick coal. In this region it appears 
to contain six coals, of which only two are workable, the Poplar Lick coal, at the 
bottom of the formation, and the coal which is correlated with the Klondike coal, 
and which in this district is a hundred feet or a little more above the Poplar Lick 
coal. On Bean Fork Branch, 170 feet above the Poplar Lick coal, is a coal which is 
thought to be too high to be the Klondike coal, and which shows the following (293): 
Coal, 16 inches; clay, 1 inch; coal, 1 inch; clay, 5 inches; coal, 12 inches; clay, 2 
inches. On Bear Creek (388) a 26-inch coal is reported by Mr. Crandall at about 
the same elevation above the Poplar Lick coal. Mr. Fitzhugh reports a coal on 
Little Clear Creek, 170 feet above the Poplar Lick, that there shows a main 
bench of 32 inches with 3 inches of coal 10 inches above. These sections would all 
appear to be on the same coal, but only in the last section is it more than a little 
over the minimum workable thickness. It is thought that a workable coal can not 
be counted upon at this horizon. 

POPLAR LICK COAL. 

This coal has long been considered, and rightly, the principal coal of this 
district. The sections given on PI. XIV give a good idea of this coal. They occur 
at intervals along its outcrop. Though most of these sections were not measured 
by us, enough of them were measured to indicate that the others are reliable and 
to lead us to ac<!ept them without question. A large number of these sections were 
kindly furnished by Mr. Thomas Cairns, general manager for the Louisville 
Property Company. These were obtained in the course of a careful instrumental 
survey along the outcrop of this coal. The location of the different facings is 
accuratel}^ shown on the map. Beginning, as before, on Bear Creek (AOl), the coal 
shows a total thickness of 54 inches with a 3-inch parting 17 inches from the top. On 
the east side of Bear Creek, directly opposite the last opening (403), the coal shows 
the same total thickness and the same thickness in the upper bench, but has a S^-inch 
parting. On Cany Fork (404) the coal has a total thickness of 46 inches with an 
8-inch parting 16 inches from the t-op. This is one of the poorest sections of this 
<^oal obtained. On Major Branch of Clear Creek east of the head the coal shows 
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a total thickness of 69 inches with a 12-inch parting 20 inches from the top. Mr. 
Crandall gives a section on Major Branch showing the coal 66 inches thick, with a 
13-inch parting 18 inches from the top (340). Right at Webb Gap, at the head of 
Ben Fork of Little Clear, the coal is 63 inches thick with an 8-incli parting 19 
inches from the top. At the head of Ben Fork (339) the coal has a thickness of 72 
inches with a 15-inch parting 19 inches from the top. A little farther to the east, 
still on Ben Fork (338), it shows 46 inches of coal without a parting. Along Little 
Clear Creek (337) the coal has a total thickness of 46i inches with a 2i-inch part- 
ing 16 inches from the top. Near the head of Little Clear, but on the east side, it 
shows 51 inches of coal, and here the 2-inch parting is 18 inches from the top. 
Nearer the head of Little Clear (335) the coal is only 41 inches thick with a 2-inch 
parting 11 inches from the top. Farther downstream and on the west side the coal 
has thickened to 71 inches with a 3-inch parting 3 feet from the bottom: Still 
farther downstream along the outcrop (342) the coal is 58 inches thick and without 
partings. Mr. Fitzhugh states that this coal in Polk Hollow (352) has a thickness of 
4 feet with a 6- inch shale parting 1 foot from the bottom. At another point 180 
feet above the valley, on Moses Lake Hollow, he reports this coal as 39 inches thick 
>vith a 2-inch parting 13 inches from the top. Mr. Crandall reports this coal near 
Mart Heads on Little Clear Creek (343) as showing 63 inches of coal with a 2-inch 
parting 31 inches from the l)ottom, and 5 inches of shale parting and coal 14 inches 
higher. Above this parting for 3i inches the coal is cannel. The section measured 
b}'^ us on the William K. Evans farm (368) showed 71 inches of coal with a 4-inch 
bench of bone 18 inches from the top and a 2-inch parting of lx)ne 14 inches lower. 
This resembles quite strongly the section given by Mr. Crandall, but is given because 
of some differences. On Bean Fork Branch Mr. Crandall reports this coal as 54^^ 
inches thick with a 2-inch parting 19 inches from the bottom, a l^-inch parting 7 
inches from the top, and a 5-inch parting 2 inches lower down (305). In his 
columnar section on Bean Fork Branch he reports this coal (296) as showing a total 
of 49 inches with 2 inches of shale 7 inches from the top, another 2-inch parting 4 
inches lower, a 4-inch parting of clay 12 inches from the bottom, and another 2-inch 
parting of shale 3 inches higher. On Cow Branch he reports this coal as 31 inches 
thick with a 2-inch clay parting (306). On Lick Fork this coal showed 43 inches 
thick with a 3-inch clay parting near the top. On Hignite Creek two sections of 
this coal were measured; at the first (268) it showed 4^> inches thick without parting; 
at the second (266) it showed an upper bench of 18 inches, separated by 18 inches 
of clay from a lower bench 42 inches thick. This section was measured in a 
stream bed and may not be entirely accurate. The facing ne«,r this had fallen in. 
Mr. Cairns reports this coal on this creek (278) as showing an upper bench of 
29 inches, of which the upper 14 inches are cannel, and another bench 19 inches 
})elow and 34 inches thick, with a 2-inch cla}' parting 13 inches from the lx)ttom. 
On Rockhouse, or Coal Branch, we obtained two measurements in 1902 in addition 
to a measurement at the Ralston mine in 1903. The first measurement obtained 
by Mr. Cairns on the east side of the creek (243) is reported to have shown 78 
inches as a total thickness of the seam, but the coal appeared in three benches, an 
upper bench of 19 inches separated b}^ 7 inches of parting from a middle 22-inch 
bench, and that in turn by 18 inches of parting from a bottom 12-inch bench. A 
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under the whole of this district within its line of outcrop. It is of course 
possible that the facings measured and the sections reported are not representative, 
but from what was seen it has seemed certain that this bed will yield a large 
amount of workable coal. Mr. Hislop, of Paisley, Scotland, who examined a 
sample of the entire seam, describes this coal as follows: 

"The coal is black, p)ossesses considerable luster and brown streak; fracture 
rather irregular, partly defined by thin deposits of charcoal; cross fracture, angular, 
partly inclined to resinoid, and crystalline, and in part merging into a semicannel 
coal with slight deposits of calcic carbonate and ferric bisulphide in the natural 
partings; moderately compact and cohesive; on the fire it intumesces and agglomerates; 
color of ash, brown; thickness of seam, 62 inches, and of very uniform density; the 
mean specific gravity being 1,237 (water 1,000); weight of 1 cubic foot, 77.31 pounds." 

Chemical analygis. 

Per cent. 

Water 4.46 

Volatile combustible matter 33. 57 

Fixed carbon 60.12 

Aah 1.43 

Sulphur 52 

The following analyses by Dr. Robert Peter are repoited by Mr. Crandall: 



Constituent. 


A. 


B. 


c. 


D. 


Moisture -- 


Percent. 

1.00 
34.40 
59.40 

4.60 
.682 


Per cent. 

1.20 
35.60 
58.20 

5.00 
.408 


Percent. 

1.80 
33.00 
60.10 

5.10 
.658 


Per cent. 


Volatile combustible matter 

Fixed carbon 


1.03 
90.97 


Ash 


8.00 


Sulphur 


.693 







A. Little Clear Creek (348). 

B. John Evans (344), 1 mile above A. 

C. Bear Creek (406). 

D. Coke made from, the sample obtained on Bear Creek, a test having been made at the Pineville ovens. 

According to these analyses this coal shows a remarkably low percentage of 
moisture, an average percentage of sulphur, a fair percentage of ash, and a 
little over the average percentage of fixed carbon. In comparing these analyses, 
however, with those obtained by us in 1902 and 1903 to the east of Middles- 
boro, it must be remembered that samples were taken of the whole seam, except 
of such partings as would naturally be rejected, and placed at once in glass jars 
which allowed no evaporation of the water. In these cases it is probable that 
the same precautions were not taken to prevent evaporation; it is more than 
likely that the analyses given above, and the most of those given in this and 
the preceding district, were made from air-dried samples. Considering the quality 
and favorable section of this coal, as well as the large area underlain by it, it is 
evident that this coal will yield a large value, probabl^^ more than that of any 
other seam in this district. 
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the sections the whole coal appears to have either nearly pinched out or to have 
SO far split up as not to be recognized as the benches of a single coal. In any 
case, wherever seen, it occurs in several benches too much separated by partings, as 
a rule, to be workable in the same mine. On Bear Creek Mr. Cmndall reports this 
coal (411) as showing three benches — an upper bench 22 inches thick, separated 
by 15 inches of shale from the main or middle bench, which is 42 inches thick, while 
the bottom bench of 4 inches is separated from the main bench by 10 inches of 
shale and coal. 

Mr. Gr. D. Fitzhugh gives the following section of the Upper Hignite coal 
(420) on Bear Creek, where it has a shale roof: 

Inches. 

Coal 27 

Shale and clay 30 

Coal 6 

Shale and clay 9 

Coal 19 

Clay J 

Coal 9 

"Mother of coal " 2 

Coal 10 

Shale 4 

Coal 6 

On Cany Fork of Clear Creek Mr. Crandall reports the following section (412): 

lnchei«. 

Shaly sandstone roof, slaty shale 6 

Coal 14 

Clay i 

Coal 9J 

Bituminous shale 5i 

Coal 26 

Clay J 

Coal 2i 

Clay and shale 15 

This section gives a total of 73i inches, of which 4 feet 4 inches are coal. On 
Hignite Creek we measured the following section, poorly exposed in the stream 
bed on rather a long slope, and therefore our figures are not as reliable as might 
be wished. As nearly as could be measured the section gave two upper benches 
of 12 inches each, separated by 6 inches of clay, then a parting of 12 inches, then 
a lower main bench of 32 inches. Six inches below this main bench was a 2-inch 
bench of coal. Above the coal is 5 feet of clay shale with 10 feet or more of 
massive sandstone above. The floor is clay. Mr. Crandall gives a section on the 
same creek, probably obtained from a better exposure, which gave as follows (280): 
An upper bench of 32 inches under shale roof, with a 2-inch parting of shale 18 
inches from the top; this is separated b}' 11 inches of shale from a 36-inch bench; 
20 inches below the lavst comes an lli-inch bench, with 2^ inches of cla}- 3 inches 
from the bottom. The total section here is over 9 feet thick with over 6 feet of 
coal, but so split up that it is barely, if at all, workable. In Mr. Crandall's 
sections of the coals at the head of Little Clear Creek, he has indicated a coal of 
which the thickness is not given (probably very thin), 30 feet above the Lower 
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partings, only the lower 34-inch bench would be considered as workable, and 
on account of its elevation and the fact that it is not found at least showing 
anything like this thickness anywhere else we are led to class it among the non- 
workable coals. Three hundred and forty feet above the Hignite coal the following 
section on Bean Fork Branch may be of the same coal as the last; it shows coal 
and clay, 8 inches; coal, 6 inches; clay, 17 inches; clay and coal, 7 inches; cannel 
shale, 3 inches (285). 

On Bear Creek a 3-foot coal, locally known as the Copperas Lick coal (384), 
is found about 115 fpet above the Lower Hignite coal. Mr. G. D. Fitzhugh, in 
a report to the Log Mountain Coal, Coke, and Timber Company, reports a 
30-inch c»oal 70 feet above the Lower Hignite (355). This would appear to be 
too high above the Lower Hignite to be the Upper Hignite. 

COALS OF BRYSON FORMATION. 

On Bear Creek one coal (376) in this formation gives a thickness of 1 foot 11 
inches. This was the only measurement obtained of the coal in this foi*mation, and 
considering that the formation occupies only a very limited area on the summit of 
the mountains it may be considered as containing no workable coal. 

SUMMARY. 

The facts concerning the Stony Fork-Clear Creek district are summarized below: 

Summary of coals of Stony Fork- Clear Creek district. 

Naniber of coal beds found 40-}- 

Total thicknesH of coals feet. . 40-f 

Number of coal beds of workable thickness (2-t- feet) 9-}- 

Namber of coals worked at present 1 

Average thickness of principal workable coals feet. . 4-f 

Approzimate amount of workable coal tons. . 90, 000, 000 



I 



Hignite. 



A ppmxiinate elevation feet above tide . . 2, 300 

Thickne«*: 

< t reatent feet . . i 9 -p 

Average do...' SJ-f 

lAsBi*i do 

Average thickness of workable coal do. . . 3J 

Nnijiljer of measurements 13 

A rea of seam acres. . 5, 000 

Available c-oal i>er ai!re tons. . 4, 000 

(ipul available in district do... 20,000,000 



Poplar Lick. 


other coals. 


2,000 

3^ 

4 

30-h 

10,800 

5,000 

50, 000, 000 




7+ 




3i 

20+ 

5,000 

4,000 

20,000,000 
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STRUCTURE. 

The general structure of this district is that of a syncline whose axis runs 
in a general way N. 60'-' E., a little southeast of the crest of Log Mountains. 
Starting from the head of Big Creek of Clear Fork of Cumberland River, the axis 
crosses the head of Copperas Fork and the head of Stony Fork in this district, 
it then probably swings south and crosses the heads of Coal Branch, Hignite, 
Little Clear, Puncheon, and Laurel branches of Little Cleur, and Little Clear at 
the mouth of Ben Fork. As the Louisville Property Company supplied us with 
a copy of an instrumental survey, based on accurate levels on the Poplar Lick 
coal, we are able to present a contoured map of a large part of this district. 
Where the contour lines are dotted they are purely conjectural. On the Clear 
Creek side the dip is steeper north of the outcrop of the Poplar Lick coal than 
within the northern limits of that outcrop, as the strata rise more and more 
rapidly to the upturning in Pine Mountain. For the details of the structure, it 
is believed the contours are self explanatory. It gives a good idea of the varia- 
tions from simple monoclinal slopes such as we must necessarily assume probably 
exist all over the field. 

YEIiliOW CREEK DISTRICT. 

GEOGRAPHY. 

The dominant feature of this district is the valley of Yellow Creek. Atten- 
tion has previously been called to some features of the physiographic history 
which indicate that the general lowness of the region is due to the erosion by 
the pre-Cumberland River in this basin before its headwaters had been cut oflf 
by the southward-flowing stre>ams common in the Great Valley. The present 
drainage presents many suggestions of greater age than is found in most parts of 
this basin, notably in the low gaps which have been cut in the divides. This is 
probably due not to greater age but to the fact that as a result of the nearness 
of the main line of drainage the greater part of the erosion of the rocks in this 
district occurred early in recent history. Through such gaps the Louisville and 
Nashville Railroad gains access to and egress from Cannon Creek Valley. Just 
west of Moore Knob such a gap is crossed by the State road, and there are many 
others. It has been suggested that the gap east of Moore Knob may have been 
at one time in the line of drainage of Yellow Creek. Under the heading "Physi- 
ography," was discussed a recent change of drainage near the mouth of Clear 
Fork of Yellow Creek, and the possibilit}' of there soon being another somewhat 
similar cut from Yellow Creek into the drainage of Clear Fork, a short distance 
above the moutfe of Clear Fork. At the mouth of Sugar Run the topography 
suggests that the run formerh'^ emptied into Clear Fork a little above the present 
mouth, but that it was tapped by a branch of Clear Fork at the position of the 
present mouth. These low gaps greatl}'^ facilitate transportation in this district. 

Rocky Face, Cumberland, and Pine mountains, as well as Cumberland Gap, have 
all been sufficiently described and figured and do not need further description here. 
The district is crossed by the Cumberland Valley branch of the Louisville and Nash- 
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ville Railroad. It is entered at Cumberland Gap by the Southern Railway, and 
surveys have l)eeii made for the extension of the latter milroad down Yellow Creek 
to Cumberland River. 

STRATIGRAPHY. 

The rocks found in this district are confined to the Lee, Hance, and Mingo 
formations. The higher formations have been cut out by the erosion already men- 
tioned, which reduce the hills in this region to an elevation in the main of less than 
2,(M)o feet. The I^ee formation occurs on Cumberland and Pine mountains and is 
brought up over a large area by the Rocky Face fault. The Mingo formation occu- 
pies a very limited area in this district, oi'curring only in the extreme hilltops on 
the eastern edge, though on the west it is found on the mountain tops for several 
hundred feet from their summits. Even in the latter case the area within the 
outcrop is ver}^ limited. The larger part of the slopes, therefore, are occupied b}' 
the Hance formation. The belt of faulting described under the heading '^Struc- 
ture'' (p. 47) ociHipies a large percentage of this district, and not alone in the main 
Rocky Face fault, but usually for some little distance either side of that the rocks 
are so disturbed as to make it difficult to trace any given rock layer or coal or to 
'correlate coal l)eds when found. The low relief in this district, as is usually the 
case, is accompanied by lack of outcrops, so that on the whole our knowledge of the 
stratigraphy and coals of this district is limited. Again, the fact that in this district 
the principal formation outcropping is the Hance formation, which in the Log 
Mountains carries little workable coal, has discouraged exploration, and as a result 
at most i)oints at which coal was seen the exposures were not of such a nature that 
the coal could Ik* measured or examined. The Y'ellow Creek sandstone makes rather 
notable bluffs along all of the lower course of Yellow Creek, and along the north 
side of Cannon Creek for a shoil distance above its mouth. 

COALS. 

AREAL DlHTKIBin'ION. 

On account of the conditions under which the coals of this district occur and 
which have been described, it will be convenient to discuss the coals in the 
main, not so much by beds as by areas. Itetween Clear Creek, Cannon Creek, 
and Yellow Creek at most of the points at which coal was seen there were only 
blooms. Datum points 465 to 468 on Clear Creek are all of this character. Coals 
at 460 and 47o come between the Naese sandstone and the Yellow Creek sandstone; 
469 showed in poor exposure two coals, each 18 to 20 inches thick and H feet apart. 
At 470, 60 feet low(»r but apparently close above the Naese sandstone, the coal 
was reported as from 24 to 3o inches thick. At 467, supposed to l)e in the 
same horizon as the last, the coal was reported as 20 inches thick. At both of 
these places the coal is overlain by a fine dark-blue shale. The Yellow Creek 
sandstone makes bluffs of some prominence above these along Clear Creek and 
for a short distance up Little Clear Creek. At 856, on Little Clear Creek near 
the mouth of Bull Branch, is a coal bloom immediately over what was taken to 
l>e the Cawood sandstone. Its position, therefore, corresponds with the Turner 
coal of the Bennett Fork district or the Puckett Creek coal to the east. At 857 
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the coal shows a thickness of from 31 to 32 inches, and appears bright and 
good. Above the coal is 60 feet of sandstone separated from the coal by a 
15-inch parting of clay. The coal here is 310 feet (bar.) above Little Clear Creek 
and would seem to correspond in stratigraphic position with coal No. 30 in the 
columnar section of Bennett Fork, as given on PI. XI. Near Jerry Gap (464) 
coal is reported 32 inches thick at an elevation of about 1,890 feet. This is thought 
to lie at the same horizon as the last. No trace of coal was found in either Clear 
or Little Clear creeks in this district at the horizon at which it was estimated 
the Bennett Fork or Hance coal should lie. Where the State road meets Clear 
Creek, coals 461 and 462 showed, respectively, a layer 4 inches thick, and a 
coal bloom. All the coals seen on the east side of Moore Knob Ridge gave 
onlv blooms. These all lie low in the Hance formation. On Little Cannon 
Creek (463) is a coal bloom which was estimated to occupy the position of the 
Cranes Creek coal of the Hance district. Judging from the condition of the 
rocks seen in outcrop in Moore Knob Ridge, no workable coal need be looked 
for in that hill. 

The hills between the railroad and the portion of Yellow Creek below the 
mouth of Cannon Creek probably contain no workable coal. Near the top of 
the hill, on the Hiram Hoskins place, McCreath and d'Invilliers report a 3-foot 
coal with a shale roof and a half-inch parting of shale 2 feet from the top. 
They give the following analysis of this coal: 

Analysis of Hoskins coal^ YeUow^ Greek. 

Per cent. 

Water 1.240 

Volatile matter 40.785 

Fixed carbon 51. 841 

Sulphur 2.289 

Ash 3.845 

Color of ash, red. 

This is described as having been opened on the west side of Yellow Creek, 
a short distance above the mouth of Williams Branch, about 360 feet vertically 
above the level of the creek. The coal occurs in yellow ferriferous shales 
immediately above a massive sandstone rock. Though the coal was not seen by 
us, probably the same sandstone which is thought to be the Cawood was noted 
in cliifs near the top of the hill. If this view is correct, this coal is the 
representative of the Turner coal of the Bennett Fork district or the Puckett 
Creek coal, farther to the east. McCreath and d'Invilliers described the coal as 
"bright and firm and to have a large area through the high knob between 
Yellow Creek and the river." According to the topographic map, the top of 
this hill is about 125 feet above the coal and in the form of a knob, and the 
coal would underlie but a ver}' few acres. It is possible that the Cranes Creek 
coal, which lies 100 feet or more lower, may be found in this hill, and if so it 
would yield a small quantity of workable coal. 

Of the portion of the area just studied west of the State road little can be 
said. This contains the horizons of th* Bennett Fork coal and of the Mingo 
coal, though the latter would occupy only a very limited area. It is possible 
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that both of these coals, or at least the lower of them, may in the future be 
found in this part of the district and may yield some workable coal. One or 
two exposures on what was taken to be the Turner coal seem to indicate that 
that coal was too thin to be of any value. Rocky Face Mountain contains no 
workable coal unless one of the Lee coals found in Cumberland Gap should 
occur here. In that case it would lie in a more or less nearh' perpendicular 
position and could not be considered minable. 

In the Sawmill Ridge hills between Cannon Creek and Yellow Creek the 
indications are more farorable for the existence of workable coals. At 451 on 
Cannon Creek a (joal 2 feet thick was seen and was estimated to lie at the 
horizon of the Turner and Puckett coals. At 452 just above this and near the 
top of the hill the coal was reported as 4^ feet thick. It appeared to occur in 
the stmtigraphic position of the Mingo coal. From its position in the hill it 
would occupy but a small area, though probably large enough to pay for mining. 
Messrs. McCreath and d'Invilliers report a coal as having been opened upon the 
F. Barner place, described as close to the State road and about a mile south from 
the Cannon Creek divide and a short distance west of Yellow Creek. It is 
correlated by them as at the same horizon as the Hoskins coal. The coal here 
was formerl}^ mined considerably for local use, especially for smithing. It is 
described as 2 feet 10 inches thick, with a small black slate parting 2 inches 
from the top and a band of iron pyrites about 16 inches from the top. The 
State reports contain the following analyses of this coal. The first is of the 
whole bed, including the parting and pyrite, and the second is of the coal 
without these impurities. 

Analj/ses of Barner coal on Cannon Creek {Peter). 



Constituent. 



Moisture 

Volatile combustible matter. 

Fixed carbon 

Ash (color, bright lilac gray) 
Sulphur 

Specific gravity 



B. 



Percent, 


Percent. 


0.86 


0.86 


:i5.60 


36.04 


57. 88 


59.20 


5.66 


3.90 


2.465 


2.032 


1.281 


1.270 



The coke from this coal was light and spongy. The analysis of the coke 
showed as follows: 

Coke from Earner coal on Cannon Creek {Peter). 

Per cent 

Moisture 0.06 

Volatile combustible matter 60 

Fi xed carbon 93. 34 

Ash 6.00 

Sulphur ^ 1.336 
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coal. All told there is about 3^ feet of coal here, but so badi^y split up as to be 
nonworkable. 

On the north end of Dark Ridge we find the only commercial mine worked in this 
district in 1902 and 1903. At the Excelsior mine (458) the coal worked is considered 
to be the Mingo coal. The principal bench of coal runs from about 2i to 3 feet in 
thickness. Above it is from 4 to 18 inches of shale and above that occasionally a 
thin strip of coal that reaches a thickness of 4 inches. Nine feet higher is an 
18-inch bench of coal. Below the main bench the coal has a parting usually 
running from 3 to 10 inches thick, averaging about 8 inches, though in the first 
left entry this parting thickens up to 3 feet. Below the parting is 18 inches of 
coal. Where measured near the furnace this parting showed 10 inches of clay, 
4 inches of coal, and 8 inches of clay. A few feet l)elow the entrance to the 
mine and to the south is an outcrop of massive sandstone considered to be the 
Fork Ridge sandstone. The coal here dips slightly to the east, and as far as 
entered the main entry had been cut 350 yards S. 66^ E. A coal that is 
supposed to be this seam was reported b\' Messrs. McCreath and d'Invilliers in 
this mountain at an elevation of 550 feet above the creek. Their section, 
however, diifers considerably from that obtained in the mine, as it showed a 
total of 4 feet 9i inches of coal with a sandstone roof. Their section gives 1 
foot of coal at the top, 1 inch of shale, 11 inches of coal, 7 inches of clay shale, 
2 inches of coal, 1 inch of clay, and 1 foot 11^ inches of coal. A barometric 
measurement in 1902 showed the mine to be 610 feet above Yellow Creek. In 
view of the possibility- of differences in the reading of the barometer, or of the 
dip of the coal, if these measurements were made any considerable distance apart 
these differences in elevation above the creek need not necessarily mean that the 
two coals are not at the same horizon. They give the following analysis of thiss 
coal: 

Annlysis of coal on Dark Mountain. 

Per cent. 

Moisture 2.412 

Volatile combustible matter 37. 148 

Fixed i*arbon 54.677 

Sulphur 1.013 

Ash (color, (lark red) 4. 750 

The large parting in this coal necessarily interferes more or less with its 
workability. It is possible that the Ilance, Bennett Fork, or Turner coals may 
yet be found in this mountain, and prove of workable thickness. In any case the 
area of workable coal is apt to Ik» limited, as the Rocky Face fault, or (as it 
appears here) anticline, has disturl)ed the rocks in the eastern half of the moun- 
tiiin. Whether this disturbance continues through the whole of the eastern part 
of the mountain or whether it dies out a short distance south of the southern 
end of Rocky Face Mountain was not learned. 

On the ridges between Yellow and Williams creeks it is possible to again 
consider the individual coals. There appear to be four coals in these ridges, all 
of which may prove locally workable, and one of which gives promise of being 
persistently workable. Unfortunately, however, the Hance coal lies near the top 
of the mountain, so that its area will l>e quite limited. 
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COAJUS IN THE LEE FORMATION. 



On the road from Middlesboro to Cumberland Gap two coals in the Lee 
formation have been mined. The first of these met in going up the road 
outcrops at several points and has about the same strike as the coal mined on 
the road. One of these points is just outside the northern end of the railroad 
tunnel under the gap. This coal, therefore, we have called the Tunnel coal. The 
upper coal (lower stratigraphically) has been opened at several points only a few 
rods below the gap, and will be called the Cumberland Gap coal. The Tunnel 
coal was l>eing mined in 1902 a little to the east of the north end of the tunnel, 
where its thickness was from 22 to 57 inches, averaging between 40 and 42 
inches. At this point it dips N. 68 ' W. at an angle of 29 or 30^. Part of the 
coal blocks out well, while part of it is softer and breaks down nearly to nut 
size. The coal is mined by shooting. The roof is of drab-gray shale and not 
very firm. Below the coal are 4 feet of fire clay. In 1903 this mine had been 
abandoned; it was reported that the coal was followed until it ran down to 8 
inches, and then an entry was continued into it until it had risen to 17 inches, 
when further mining was discontinued. Over the coal are 14 feet of shale and 
16 feet of massive sandstone, with an equal amount of less massive sandstone 
above. On account of the dip the usual method of mining rooms on dipping 
faces was followed. It is reported that at the old mine on the Cumberland Gap 
road the coal was 4 feet thick, blocked out well, l>eing hard and but little crushed. 
As at the other mine, it was mined with powder, though it could be mined 
without. Part of the roof needed no timbering. The Cumberland Gap coal, which 
was being mined ai^tively, though on a small scale, in 1903 showed at diiferent 
openings a thickness of from 4 to 6 feet. A typical section (499) would show a 
massive conglomerate sandstone roof, then clay, to 2 inches; soft coal, 5 inches; 
coal, 20 inches; brown coal, 5 inches; bright coal, 33 inches, and a light-gray fire 
clay below. At this point the coal dips N. 65^ W. at an angle of 48^. It was 
reported that this coal was crossed by the railroad tunnel, where it showed a 
thickness of 6 feet. ' One-fourth of a mile or more from Cumberland Gap on the 
road to Harlan (500), the same coal has been mined close to the fault line. It 
showed a thickness of 44 inches and a dip of 52 in the direction of N. 78^ W. 
It is very irregular. In places the roof is a sandstone, and near the bottom of 
this entry there is from 5 to 6 feet of soft clay shale between the sandstone and 
coal. This opening lies N. 10^ E. from the opening previously described (499). 
Comparing the position with reference to the first opening and the strike of the 
coal at the several openings close by the gap, it is evident that the coal bed has 
been strongly twisted in a horizontal plane so that the strike has been changed 
from N. 65^ W. to N. 12" W. 



CRANES CREEK COAL. 



The type locality for this coal was on the J. Cal Robbins place (492), on the 
right-hand fork of Sugar Hollow Branch of Cranes Creek. The coal here ^hows 
a solid face of 46 inches, with a drab clay shale roof; some hard, bony streaks 
show locally in the coal. The faces show markedly and run S. 50^ W. The hill 
rises about 250 feet above the coal. At another place on the Robbins farm 

41_No. 49—06 9 
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lower down Cranes Creek and on the other side this coal showed 39^ inches with- 
out partings. According to the barometer readings it was there 50 feet higher 
than at the first-mentioned opening (491). Across the ridge from the fii*st opening 
mentioned (492) this coal has been mined on the James Iternett place (489), whence 
it was hauled over Cumberland Gap into Virginia. The coal here showed 40 
inches without parting, with a drab clay shale roof 14+ feet thick. A little 
farther up Cranes Creek this coal in 2 openings shows solid faces of 25 inches 
at 482 and 32 inches at 483, the latter point being north of Cranes Creek. At 
the former place the coal has a sandstone floor and a sandy shale roof; at the 
latter it has a dark hard fire-clay floor and a sand\" shale roof. Of the two 
anaWses of this coal the first is by McCreath from a sample at the type locality 
obtained in 1902, and the second is by Peter from a sample at the James Iternett 
mine, obtained by Mr. R. C. B. Thruston. 

Amiltjxes of Oraiieif Creek coal on CYaneii Creek and Clear Fork. 



roiistitueiit. 



Moisture 

Volatile combustible matter 

Fixe<l carbon 1 

Sulphur 

Ash 



By Mc- 
Creath. 


By Peter. 


Per cent. 


Percent. 


1.470 


0.80 


87. 610 


33.94 


52. 76:^ 


58.86 


1.347 


1.398 


6.810 


6.40 



The coke from the coal whose analysis is given in the first column is fair 
but somewhat granular, that from coal whose composition is given in the second 
column is described as light and spongy. The color of the ash in the second 
case is light-purple gray. As is usual with analyses by Peter, the sample was an 
air-dried coal. Both of these analyses seem to indicate that this coal is high in 
sulphur, and above the average in percentage of ash. On account of its low 
position in the hills and the fact that at every point where it was seen it showed a 
solid body without partings, it is possible that it will yield considerable workable 
coal. Its thickness is not all that could be desired, and over part of the district 
it will probably prove too thin to be workable, especially if the analyses at other 
points do not show much better than at the two given. 



PUCKETT COAL. 



Near the bead of the middle prong of the right- hand fork of Williams Branch 
this coal was seen in two benches, the upper of which was 49i inches thick, 
including 3 inches of black shale, 6 inches from the bottom, and li inches of black 
shale 15 inches from the top. Between the two benches are, first, IS inches of 
dark-drab fire clay and (> inches of black shale. The lower bench, which was 
only partly exposed, was reported as 2 feet thick. Where seen this coal was 400 
feet above the main forks of the right-hand branch and 20 feet above the adjacent 
drainage, Messrs. McCreath and d'Invllliers report a section of a coal, which 
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would seem to be the same bed, as it gives a very similar section. Their section 
shows 1 foot of coal at the top, a knife-edge of slate and 2 inches of coal, 2 inches 
of slate, 1 foot 7 inches of coal, a knife-edge of slate, 1 inch of coal, 5 inches of 
splinty and boii}^ coal, 2 inches of slate, 4 inches of coal, 1 foot 8 inches of slate, 
and 1 foot 6 inches of coal, the total thickness being 7 feet 1 inch. They report 
this opening as being on the right-hand fork of Williams Branch, a small stream 
flowing westward, in the creek near R. Marlor's cabin about li miles from the main 
creek and practically 450 feet above the level of Williams Hranch. Notwithstanding 
the fact that this coal is thick it can not l)e considered workable at this point on 
account of the number of partings, though it may prove workable at other points 
should one or more of the thinner partings die out. 

IIANt'E COALS. 

These two coals were poorly exposed at the head of Turnhole Branch (472). 
The coal at this point lies only about 50 feet below the crest of the ridge, though 
to the south the ridge becomes much higher. The two coals appear to be about 
9 feet apart vertically; the upper coal showed a thickness of 2 feet with a cla}^- 
shale roof; the lower coal has a shaly sandstone roof 4 feet plus thick. As far 
as seen it is composed of an upper bench of 15 inches, and a clay parting of 4 
inches, while of the lower bench only 22 inches could be seen. On the William 
Denny place (475), at the head of a branch of Cranes Creek, the lower coal shows 
a thickness of 4 feet 8 inches. There is a lower bench of 22 inches separated by 
4 inches of shale from an upper bench of 30 inches. The latter has a i-inch 
parting 9 inches from the bottom and a i-inch parting 9 inches higher. Above 
it is 1 inch of bone. The roof is of sandstone. The upper coal shows in a spring 
above Mr. Denny's. In a spring to the east of Denny's housfe the lower Hance 
coal shows again, and, though very poorly exposed, seems to have about the 
same thickness. According to barometer measurements, there is a rise of about 40 
feet in the coal when passing through this hill. The upper coal shows faintly about 
25 feet above the spring (476). On the C. C. Wright place the coal has a total 
thickness of over 5 feet in practically two benches — the upper one 3 feet thick and 
the lower 2 feet, or a trifle under, thick, with 2i inches of clay between. The roof 
is shale. A section of what is probably this coal on the J. M. Robbins place, by 
Messrs. McCreath and d'Invilliers, shows practically the same strata — that is, an upper 
bench 3 feet thick and a lower bench 2 feet thick, and 3 inches of shale ]>etween; the 
roof is sandstone and the floor fire clay. The faces of this coal up Denny 
Run lie N. 30'^ E. The siime coal is reported to occur in Clear Fork Ridge just 
level with the gap at the head of Yellow Branch, and to have a thickness of 
about 4 feet (4S8). At the head of a small branch of the middle or main prong of 
Williams Creek, and about 90 feet barometrically above the Robbins opening, 
Messrs. McCreath and dTnvilliers report a coal which probably occurs at this same 
horizon. It is given as on the B. F. Gross place. It shows a top bench of 2 feet 9 
inches, with a knife-edge of slate 11 inches from the bottom, and a 2-inch slate 
parting. Ifelow that were reported, though not seen by them, 3 feet 10 inches of 
coal, 1 foot (> inches of clay, and 10 inches of coal, giving a total thickness, if 
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HANCE DISTRICT. 
GEOGRAPHY. 

This district is practically included in the two ridges on each side of Hance 
Creek — Williams Ridge on the west and Hance Ridge on the east. Coal occurs in 
Laurel Hill, and is of workable thickness in Cumberland Mountain, but practically 
all the workable coal is confined to the two ridges mentioned, with their numerous 
spurs. In general this district is low, seldom rising above 2,000 feet, while the 
rocks exposed are low in the stratigraphic column, so that the total body of workable 
coal here is quite limited. The streams give easy access to all of the coal. Railroads 
should approach from the Cumberland River side and mining should begin on the 
north side and extend southeastward up the dip. The massive sandstone above the 
Hance coal has helped to make the ridges in the district rather broad topped, so that 
a much larger body of coal has been preserved than would have been the case if the 
ridges had been sharp crested, as they are farther east. 

STRATIGRAPHY. 

The rocks of this district belong almost entirely in the Hance formation. The 
valley bottoms are largely cut out of the Lee sandstone, and the hilltops are mainly 
in the Mingo formation. The stratigraphy and structure in this district are much 
simplified by the occurrence of four cliflf-making sandstones. 

LEE FORMATION. 
NAE8E SANDSTONE MEMBER. 

The Naese sandstone has its typical exposure in this district, and forms cliflfs 
all along the Cumberland River from Brownies Creek to Yellow Creek, where its 
top is just about at river level. On the north side of the river low cliflfs of this 
sandstone appear just above the road at Campbells Ford and eastward these cliffs 
recur at short intervals, gradually gaining in height, until above the mouth of 
Hance Creek they become almost continuous to the mouth of Tanyard Branch. 
The Naese Cliff and the Seven Sisters shown in PI. VIU well illustrate the charac- 
ter of the exposures of these sandstones in this region. Though the top of this 
sandstone is but little above drainage at the mouths of Hance and Williams creeks, 
the rise to the southeast keeps it above the level of Hance Creek for some distance 
above the mouth of Wolf pen Branch, and for some distance up Williams Branch. 
It is, of course, very prominent on the northern flank of Cumberland and Brush 
mountains and the southern side of Pine Mountain. 

HANCE FORMATION. 

YELIX)\V CREEK SANDSTONE MEMBER. 

About JOO feet above the top of the Seven Sisters sandstone is the top of the 
Yellow Creek sandstone, which has its typical exposure in this district, at the mouth 
of Yellow Creek, on the right-hand side. This sandstone runs from 25 to 60 feet 
thick, and, though not so prominent a cliff maker as the Naese sandstone, bare 
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outcrops aro usually found where it is crossed h\' road;^ or streams, and fairly 
pronunent cliffs occur with souie frecjuency. The 60-foot cliff at the mouth of 
Yellow Creek extends to the mouth of Williams Branch, and is mther pronounced 
at one or two places up Williams Branch. It can readily l>e traced up Hance 
Creek and Pitmans Creek, where it makes occasional cliffs, usually 1<h» to 150 feet 
al)Ove the stream. It is lielow drainage on Brownies Creek from the end of the 
lower Sam Low road to the mouth of Elk Branch. From that jwint to above the 
mouth of Cubage Creek it makes almost continuous cliffs, usually within 50 to 75 
feet of the stream. . 

Between the Yellow Creek and Naese sandstones are shales which are usually 
fissile and are fre^iuently black. At one or two horizons near the bottom of this 
shale are coals, usualh' thin, and generally cannel in character. In places these 
cannel coals arc replaced by cannelly shale. 

CAWOOD rtANDKTONE MEMBER. 

From 200 to 260 feet al)ove the Yellow Creek sandstone occurs the top of 
the third massive sandstone. This sandstone has the same position as has been 
thought to l>e equivalent to the Cawood sandstone of the region farther' east. 
On account of the elevation at which this sandstone occurs, it is not so noticeable 
from the valley roads and trails as the Yellow Creek sandstone. Along Brownies 
Creek it produces cliffs 2(X) to 300 feet above the stream that are easily seen 
from the road. On most of the trails or roads crossing its horizon it makes 
bold and often cliffy outcrops, while on the branches it tends to produce marked 
benches. These benches, just above the outcrop of this sandstone, are usually 
made more noticeable by being under cultivation, the bench frequently yielding 
40 acres or more of fairly flat land. These benches are not shown on the tojx)- 
graphic map, or it might be possible to indicate the position of the sandstone 
from the map. An illustration of this type of bench is seen on the Brow^nies 
Creek side of the lower Sam Low road about 300 feet above the end of the 
road at Brownies Creek. 

Ifetween this sandstone and the one below, the strata are composed mainl}^ 
of shale. In some places they appear to be nearh' all shale, but toward the top 
there is generall}' a little shaly sandstone which locally is hard and i*esistant. 
There appear to be at least three coal horizons in this space, though seldom 
more than one is seen in a single section. One of these coals is just above the 
Yellow Creek sandstone, another is 100 feet higher, and the third is 100 feet 
below the top of the Cawood sandstone, or 50 feet above the middle coal. It is 
thought that the middle coal corresponds to the Cranes Creek coal. 

The top of the fourth of these sandstones is about 240 feet above the top of 
the Cawood sandstone. While this sandstone makes cliffs and bold outcrops, these 
are not very conspicuous and would atti^act little notice if the principal coal of 
this district did not occur about 40 feet below them. This sandstone is well 
exposed on the sunnnit of Hance Ridge along the upper Sam Low road, and at 
various points along the crest a little below the road. The spur or ridge between 
Hance Creek and Williams Branch is too low to catch it, but it makes several 
small cliffs near the top of the ridge between Wolfpen Branch of Hance and 
Cranes creeks. 




IlAXt'K Coal. 

6S8. 639. 

Whit* Sow Bnineh of Hance Creek. 

Wm. Durham. Oeo. Puraifull. 



Ml. 



Hance Oeelc. 
Geo. PuniruU. 



CuLL'MNAR Sections. 
VA/oIfp«n Br ^.^ „ 

of Hance Cr ^^ Hance Cr. 



Hance coat 

Vcs' 



\cbl 



ere" 



iCrep. Z 6 - 
n Yellovs, 
J Creek 
\ sandstone 



^ -sandstone 



Upper Sam Low Lower Sam Lov» 
Branch r?oad Branch Road 



'Hance 
, coals 
fa''*''. 
C*-6' 



Hance coal 

'c^-5' 



.Puckett C09I 



Blacksnake 
(Cawood) 
^ sandstone 



Ye//ov^ Cr 
sandstone 



Naese^ 
sandstone 





548. 

Clear Fork of Yel- 
low Creek. 
Andj Miracle. 



660. 

Head of Cubage 

Creek. 

Andy Miracle. 




&SS.. 



&A6. 



iilMK COAI, »»S HaXCK. KllHiK. 

558. 660. 



brill irh 



rh^'lan KlhiuT. 



JameM «Ji-een. Heiul of Bill 
(Irfen Hranch 
of Cubae^e 
Crwk. 
J. M. Mlnule. 



-54K" 




668. 
W. A. Miracle. 



I 



668. Mr 

J. 51. Mlra^ U". U»w («ap of Vi%r 



~\\W* 




688. 

Joiteph (}reen. 
(Type locality.) 



664. 

Elijah Mir«cle. 



««" 




I" + Sy' 



134. 



PlTKBTT CoAU 
637. 



647. 



666. 



CVMBKmLAXD Gap 
Coal ix Lkk 

F<»R1IATI0X. 



rtviim (.'ruek of W(ilfp%'H IlinJU-b Willi*- Sow (MearForkof Yfl- Rld(?e Itntween 



Yt'ilof* rni*k. 
Hill I* lirffn. 



\>t flani-4^ tn-rk. 




Itrn^irh of 
IliiM^-^ <'rtH?k. 
VVni. Durham. 



low Crvek. 
Andy Miracle. 






17' 
5' 
6' 

«' 



Hancf < "reek 
and WilllamH 
Branrh. 
Campbt>ll. 








5" + «!'..•• 
-MU" 



of HancoCrevk. 
John B«*1L 



i^HMXWM C^tKKK Coal. 

481. 483. 

CtEimw ("rt^k <at VHtnw (Yv«k. 
J. C. llDhhEjl^. 



636. 

Hance Creek. 
Lum Green. 



I 



1" + S9" 
-40" 



640. 

White Sow 
Branch of 
Hance Creek. 
Wm. Durham. 



Ill" 
lift" 



1" + ««" 
-«0" 



tV>AL i.N- ML\(H> 
FORMATIOX. 

640. 

Clear Fork of Yel- 
low Creek. 
Andy Miracle. 




COLUMNAR AND COAL SECTIONS, HANCE 0\STR\CT. 



COALS OF HANCE DI8TBI0T. 



121 



Between this sandstone and the Cawood sandstone the rocks are mainly shale, 
but there is some hard sandstone, especially a short distance below the Hance 
coal. A small but variable distance below the upper sandstone are two coals 
which are workable and are from 10 to 40 feet apart. The upper one is about 
20 feet below the upper sandstone. A third coal, workable in places, is a few 
feet above the Cawood sandstone. This last coal is considered to be the equiva- 
lent of the Puckett Creek coal in the Lower Puckett district. 

A summary of the coals and principal sandstones of this district follows: 

Condensed section of rocks of Hance district. 



Depth. 



Feet. 

Sandstone 40-20 

Shale I 20 

CJoal, Upper Hance j 3 

Shale and sandstone , « 15 

Coal, Lower Hance j 4 

Shale, some sandstone 180 

Coal, Puckett Creek | 3 ! 

Shale I 10-20 

Sandstone, Cawood ' 60-40 

Shale and sandstone i 100 



Total 
depth. 

Feet. 

20 

40 

43 

58 

62 

242 

245 

265 

306 

405 



Coal 

Shale 

Coal, Ci-anes Creek' 

Shale 

Coal 

Shale 

Sandstone, Yellow Creek . 
Shale, black and thin coal 
Sandstone, Naese, exposed 



Depth. 

F^et. 

? 

50 

2i-3 

80 

h-2 

20 

60 

60 

150 



Total 
depth. 



Ftet. 



455 
458 
538 
540 
560 
620 
680 
830 



a 10 to 40 feet. 



COALS. 

Near the head of Clear Fork of Yellow Creek three coals were measured. 
The lowest is 4 feet 7 inches thick; the next, 177 feet above, is 4 feet thick; 
while the highest, 70 feet above the middle seam, is nearly 3 feet thick. In view 
of the distance between the coals and their relative thicknesses it seems probable 
that the middle seam is one of the Hance coals, and, as the upper bed is too 
far above it to be the Upper Hance coal, it has been considered to belong in 
the Mingo formation. If this view is correct this coal is the only one in the 
Mingo formation measured in this district. It shows 35 inches of coal with a 
1-inch parting 10 inches from the top, and a sandstone roof (549). It is 310 feet 
above Clear Fork. 

CUMBERLAND (iAP COAL. 

A short distance below the point where Shillaly Fork turns from a westward 
course to a northward course and descends to the level of Clear Fork there is an 
exposure of a 5-foot coal that from its position was thought to be the representative 
of the Cumberland Gap coal at Cumberland Gap. It is immediately overlain by the 
massive coarse-grained conglomerate. It shows two benches, the upper has a 
thickness of 25i inches, and is separated by from 4 to 5 inches of clay from the 
lower, which has a thickness of 3 feet and is underlain by a brown cla}^ floor. This 
seam is exposed on the east side of the creek only a few feet above the creek level. 
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It dips N. 80^ W. at an an^le of 15". The coal shows abundant evidence of the 
stresses it has been under, and is badl}' cut up with slips and faults, and in the 
main appears to lie in flakes twisted in all diretitions. It is a bright, clean coal, 
though it shows a few plates of pyrites. On account of its broken-up condition 
and its dip it may be doubted if it can be considered as workable. What was 
thought to be the same coal was seen at the western end of Brush Mountain at an 
elevation 500 feet higher. The coal here is immediately below a bluflf of coarse 
conglomerate. There was poorly exposed an upper l>enoh of 2 feet of coal, then 
a thin parting of shale with coal below. At the foot of the bluff the contact of the 
coal and the conglomerate roof suggested that the weight of the cliff above had com- 
pressed or broken the coal in the vertical line of the cliff so that the coal on the 
outside of the cliflf runs 7 inches above the level of the top of the coal under the clifi". 

CRANES CREEK COAL. 

Another coal of barely workable thickness is found from 100 to 170 feet below 
the Puckett coal. It is not cei*tain that these coals are all at the same horizon; in 
places they are certainly* the same as the Cranes Creek coal in its t\'pe locality. 
This coal is not as thick as those considered above, but tends to be solid or nearly 
so. On Cranes Creek in thi^} district, as in the Yellow Creek district, it is solid, 
ranging from 25 to 33 inches thick (482 and 483). It is opened on the Lum Green 
place on Hance Creek, a little below the mouth of Wolfpen Branch and 250 feet 
above the creek (535). Here it shows 40 inches of coal with a 1-inch parting 24 
inches from the top. The roof is a dark-drab shale. The dip here is slightly into 
the hill, or to the west. It was also opened on the William Durham place on Whiti* 
Sow Branch at an elevation of about 1,420 feet (540). It shows 29 inches of coal with 
a 1-inch parting 12 inches from the top. The roof is a dark-blue clay shale, and the 
floor a drab fire clay. On Pitmans Creek it is opened upon the Sampson Thompson 
place (567). There is here from 30 to 31 inches of coal with one-half inch of bone in 
the middle, and a shale roof. This coal is also opened on the same creek on the 
John Buell place (569), where the thickness is practically the same and there is a 
3-inch hard band 1 foot from the bottom. The elevation here is 1,353 feet above 
tide, and the faces run due east. On the whole this coal averages about 31 inches 
in thickness, being little thicker than the lower limit of workable coal, but on account 
of its good quality and its low position in the hills it may prove of future value. 

Only one analysis was obtained of this coal and that was of a sample from the 
Buell opening (569). 

Anali/tfui of CraneH Creek coal on Pitinann (}reek. 

Per cent. 

Moisture, as receive<l 2. 04.H 

Moisture, ground coal 1. 372 

Volatile combustible matter 36. 62S 

Fixed cartx)n 58. 917 

Sulphur 993 

Ash 2.090 

Phosphorus 002 

Coke, gcxxi. 



124 



CUMBERLAND GAP COAL FIELD, KENTUCKY. 
Sedion of Hance coals on J, L. Green farm. 



No. on 
map. 



Thickne«. 



Total thick- 



MO 



Sandstone 

: Shale, dark blue . 
Coal, upper: 

Coal 

Clay 

Coal 



Fire clay, drab ! j 1 

Coal and black shale 

Shale, brown, clay 



661 I Coal, lower: 



Coal 

Clay, black. 
Coal 



Fire clay, dark drab. 
Shale 



Sandstone, shaly. 




1 6-h 



a4 to 9 feet. 

The sandstone and shale above the upper coal overlap so that the thickness 
of the shale varies from 4 to 8 feet at points but a few feet apart. Both coals 
were seen at only comparatively few places. Not including the thin streak of 
coal from a few inches to 4 feet below, the upper coal appears to be generally 
a solid coal between 3 and 4 feet thick. While the lower coal may run from 3i 
to 5 feet or more thick, it is usually cut by one or two partings. These are 
commonly thin, but an exception is found on the Gabe Green place at the head 
of Cranes Creek. 

One of these coals was seen near the head of Hance Creek on the George 
Pursifull place (541). Here it has a thickness of 5 feet 2 inches, with one 3-inch 
parting 22 inches from the top. It is 345 feet above the creek (1,738 feet above 
tide, actual elevation). 

At the head of Wolfpen Branch of Hance Creek one of these coals has been 
faced (533) and shows a thickness of 3 feet 2i inches, with a i-inch parting 2 
feet from the top. The roof is light-brown to light-drab shale, 7 feet plus thick. 
The small thickness here suggests that this may be the upper bed. The coal is 
about 30 feet below the cliff-making sandstone and nearly 100 feet below the 
level of the gap between Wolfpen Branch and Cranes Creek. On the opposite 
side of this ridge at the head of Cranes Creek one of these coals shows an inter- 
esting development on the Gabe Green place (481). It has a total thickness of 
over *J feet, of which over 6 feet are coal and almost 3 feet are partings. The 
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coal benches beginning at the top measure as follows: 16, 8, 15, 3, 16, and 17 
inches; total, 75 inches. The partings from the top down measure 6, 16, 2, 3, 
and 8 inches, making a total of 34 inches, or 109 inches for the whole bed. The 
roof is clay shale 5 feet plus thick. This appears to be at almost the same" 
elevation as the last coal, possibly a few feet higher and but a short distance 
horizontally away. It does not seem probable that these openings are on the 
same bed. Northward toward the head of Williams Branch an excellent section 
of one of these coals occurs on the Pink Green farm. It shows 69 inches of coal, 
with only two thin partings. One is composed of one-fourth inch of soft coal 20 
inches from the top; the other is composed of one-half to 1^ inches of claj" 9 inches 
lower. The top 8 inches of the coal was weathered, but below that the coal is 
good and bright. An opening had been driven on the coal for a distance of 8 
to 10 feet. The roof is clay shale 10 feet plus thick. The hill rises at least 170 
feet above the coal. 

One of the Hance coals was partly exposed on a spur running toward Cranes 
Creek on the J. C. Robbins place (485). The bottom bench shows 2 feet of coal. 
On the John Denny farm, at the gap between the head of the right-hand fork of 
Williams Branch and a branch of Cranes Creek, both coals occur only 8 or 10 
feet apart. The upper coal (479) is 3 feet thick. A partial facing on the lower 
coal shows the lower bench to be 38 inches thick. Mr. Creech reports the coal 
here to be 100 feet higher than on the William Denny place a short distance to 
the west. (See pp. 117, 118.) 

The Hance coals were not seen on the rest of the ridge west of Hance 
Creek in this district, and it may be doubted if the northern part of the ridge 
is quite high enough to catch them. The highest point between the left-hand 
fork and main fork of Williams Creek must just about reach their horizon. 

On Hance Ridge one of these coals makes an excellent showing on the Andy 
Miracle farm, close to and about 75 feet above the gap between Cubage Creek 
and Clear Fork (550). The bed, which has been drifted on a few feet, shows 
from 4 feet 10 inches to 5 feet 5 inches solid coal. Over it there is 8 feet of 
light-drab clay shale under 3 feet of sandstone. The shale shows clearly the 
eflfect of stresses, being broken and slightly folded, and it is probable that the 
variation in thickness of the coal is due to the same cause, as it shows irregular 
jointing, clay slips, etc. The coal here is very close to the line of folding, where 
the rocks are upturned in Brush Mountain, so that the coal at this end of the 
ridge may be expected to be crushed and liable to produce a large amount of 
fine or slack coal. The floor here is dark-dmb clay. There are two openings in 
this same ridge between the head of Bill Green Branch of Cubage and Clear 
Fork. At one of these (551) the coal is reported to be 43 inches thick, without 
partings. At the other opening (552) the bed shows a thickness of 4 feet, with 
a 3-inch clay parting 3 inches from the bottom. This is a facing well driven into 
the hill. The roof is light-drab clay shale 6+ feet thick, and the floor is drab 
fire clay. The coal here Mr. Creech reports to be 3 feet higher by levels than 
at the head of Cubage Creek. The coal still shows some of the same disturbed 
condition as at the head of Cubage Creek. 



126 CUMBERLAND GAP COAL FIELD, KENTUCKY. 

Several facings have been made on the spur, between Sal and White Sow 
branches of Hance Creek and Clear Fork. On the Clear Fork side a facing on 
one of these coals (548) on the Andy Mirac*le place shows 4 feet of coal without 
partings. The roof is light-brown friable clay shale and the floor drab fire 
clay. It is 240 feet above Clear Fork. On the Hance Creek side of the ridge 
there are facings on the George Pui'sifuU and William Durham farms. On the 
former (5.39) the coal show\s a thickness of 5 feet 3 'inches, with 4 inches of clay 
15 inches from the top. The roof is light-brown clay shale. At the facing on 
the William Durham farm the coal is 4 feet thick, without partings (538). The 
floor is dark-drab tire cla}' and the roof light-drab clay shale. The coal here has 
an elevation of 1,778 feet above tide — practicall}^ the same as the last facing. 

What is probably the lower coal is opened at the head of Right-hand Fork 
of Cubage Creek (553). It shows 41^ inches of solid coal. The floor is light- 
drab tire clay, the roof light-drab clay shale. About a foot above the coal occur 
a number of thin streaks of coal an inch or less thick. At 40 feet abov^e occurs 
from 12 to 18 inches of coal under 4 feet plus of gray shal}^ sandstone. Halfway 
between is a faint smut mark suggesting a thin intermediate coal. 

At the head of Harter Branch there are two openings on the Julia Miracle 
place. At one of these (555) the coal shows 42 inches of coal without partings. 
The facing had not reached solid roof. Below the coal is 4 feet of dark- to light- 
drab clay, with 4 inches of coal J^elow that. About 50 feet above the coal comes 
the bottom of about 50 feet of light-brown shale, well exposed, suggesting that 
this coal is probably close to the cliff-making sandstone, which must come in 
the 50-foot interval just above it, and so indicating that this is the Upper Hance 
coal. At the other opening on this farm (556) the main bench is 44 inches 
thick, the 4-inch coal at the preceding opening is here 5 inches, while the 4 feet 
of clay at that opening is here only 8 inches. The roof is brown clay shale 7+ 
feet thick. At the *'Low Gap of Pitmans'' at the head of Pitmans Creek the 
two Hance coals are lx>th seen alK)ut 25 feet apart. The lower coal is about 10 
feet above the level of the gap (557), and by levels reported 58 feet below the 
last-mentioned Julia Miracle coal. If, as supposed, the latter is the upper coal, 
this gives a dip of about 25 feet between these points. The lower coal here 
is 4 feet 5 inches thick with 1 inch of soft coal in the center. Over the coal is 
2 to 3 feet of brown clay shale overlain unconformably by 2 feet of sandstone. 
Below the coal is clay showing a streak of coal 1 foot down. * The upper coal, 
25 feet above, was only partly opened. 

A short distance farther north, still at the headwaters of Pitmans Creek, 
both coals are well exposed on the Phelan Risner farm. They appear to be 
about 17 feet apart vertically. The coals give the following section: 
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A. HANCE COAL AT JOSEPH GREEN'S. WEST SIDE OF HANCE RiDGE. 




B. ENTRANCE TO HANCE COAL MINE OF PHELAN RiSNER. 
Head nf Pitmans Branch of Hance Creek. 
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Section of Ilanre codla at Oie Phelan Risner farm, Pitman^ Creek {PL XVII). 

I ' ~ ~ ~ "' ' ■" ' .- — - - - _ _ 

''^,T\ Stmtiim. Thickness, "^'^^^tl.;^"*^- 

I 

M. ill. /Y. in. 

Shale and gandstone 

55S Coal, iii)i)er 3 4 

I Fire clay, dral) 1 

Shale, light drab 8 

Shale, blue 8 

559 ' Coal, lower: | 

Coal 2 5 1 

Clay " ^{ j 

(/oal 2 5 

, 5 1 

Shale, black 2 

Clay, dark drab : 2 

•il to 'A inches. 

In places thin bands of coal appear just above the lower coal, a 2-inch band 
is 3 inches above, and a 3-inch band occurs 10. inches higher. Just at the lower 
opening the coal and rocks dip N. 10^ W. at an angle of from 2^ to 3^. This 
dip is probably local. The difference in ash in the analyses of samples of this coal 
obtained by Mr. McCreath and by our party is probably accounted for by the 
fact that the clay parting was thrown out by Mr. McCreath and retained by us. 
The elevation of the lower coal here is 1,669 feet above tide, actual elevation. 

A section has already been given at the J. L. Green facings, (560 and 561). 
The upper part of the upper bed is somewhat splintery, and there is a thjn streak 
of ])ony coal 8 inches from the top. Notwithstanding this the analysis shows a 
low ash. The upper coal is harder than the lower coal, though chemically they are 
very similar. The block structure of the coal shows unusually well here, the face 
slips running N. 40^ E. The coals have elevations of 1,731 and 1,715 feet above 
tide, respectively. 

On the Hance Creek side of the ridge a coal, probably the lower, has been 
opened on the Joseph Green place at the head of Sam Low Branch and south of 
the upper Sam Low Branch road. A facing on the coal here has been driven in 
and walled up in a nither unusual manner, but the section of coal exposed is also 
unusually good. (See PI. XVII.) The section shows the whole bed to have a 
thickness of over 6 feet (562) with two thin partings. The upper parting, 18 inches 
from the top, is black clay from 1 to 2 inches thick; the lower parting, 2i} inches 
from the bottom, is drab shale 2^ inches thick, leaving a total of 5 feet U inches of 
coal. The top of the cliff-making sandstone is here 50 feet above the top of the 
coal. The coal is here 1,709 feet above tide. 

Beyond the upper Sam Low road the summit of the ridge is lower, but the 
influence of the upper sandstone is still more marked. The tields on the summit of 
the ridge are broad and flat and ver}^ different from those on an}^ other crest in this 
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field. From the standpoint of the coal content this is fortunate, as a good body of 
the Hance coal has been preserved notwithstanding that north of this road the coal 
is usually within 75 feet of the crest of the hill. 

An outcrop of probably the upper coal on the W. M. Bingham farm has been 
described by Messrs. McCreath and d'Invilliers. It is on the Brownies Creek side of 
the ridge and only 30 to 40 feet l>elow the top of the ridge. It show^s a total of 3 
feet 4 inches of coal with a 1-inch shale parting 15 inches from the top. The roof 
is shale. The coal here is described as i-ather sulphurous, the sulphur occurring 
both in this parting and in small irregular masses through the bed. Another bed of 
coal shows 30 or 40 feet lower down the same hollow. 

The same coal is exposed at the spring below^ the W. O. Miracle house (563). 
The top of the coal was not seen, only 34 inches being exposed. The floor is a drab 
fire clay. The coal is about 40 feet below the top of the ridge and 12 to 15 feet 
below the base of the cliflf-making sandstone. 

The lower coal is again seen at the spring below Elijah Miracle's house. 
Except for a 1-inch clay parting 1 inch from the bottom it showed a solid thickne^ 
of 4 feet 6 inches. The roof is drab and pink shale 6 feet plus thick, and the floor 
drab clay 2 feet plus. At the surface end of the cut the dip is N. 37^ W., an angle 
of from 5^ to 10 -" N., but quickly disappears toward the hill. Mr. Creech reports 
the coal here to be 25 feet lower than at the Joseph Green opening. 

Messrs. McCreath and d'Invilliers report a still better section of this coal as 
found on the Richard Risner place, not seen by us. It is reported as on the crest of 
the ridge facing the river, but nearly 2 miles to the south. The coal shows 5 feet 
10 inches thick with a 1-inch shale parting 14^ inches from the top. The roof is 
shale. 

The quality of the Hance coals is well shown by the following analyses. These, 
it should be remembered, are all from samples of outcrop coal. The numbers refer 
to the following openings, those marked (McC.) having been sampled b}^ McCreath 
and d'Invilliers and reported in their report: 541, George PursifuU farm, head of 
Hance Creek; 559, Phelan Risner opening, head of Pitmans Creek lower coal; 
560, James L. Green's upper opening, head of Long Branch of Brownies Creek; 
501, same, lower coal; 562, Joseph Green coal, head of Sam Low Branch of Hance 
Creek; 580, Richard Risner coal, north end of Hance Ridge. 

Of the above the samples obtained at 559 and 580 were of much weathered coal. 
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A j»proximJUe elevarion, abf>ve tide feet . . 

Thickneap: 

GreatesBt do : 

Aren^pe do. 

Least do 

Average thickness of workable coal 

Nnnih^T of meaimreinentj? 

Area of seam acres. . 

Total coal per acre tons. . 

Available crjal per acre do 

Coal a\-ailable in district do 



Upper Hance. 


Lower Hanoe. 


Puckett. 


Cranes Creek. 


1,700-r 


1,700 


1,500 


1,400 


8 


9 


^ 


3i 


4J 


0-r 


3J 


2A 


2J 


3i 


li 


21^. 


3J 


5 


3^ 


3 


6 


1-^ 


^ 


5 


2,000 


2,100 


1,000 


1,000 


5,740 


8,000 


5,000 


5,000 


4,000 


6,500 


4,000 


4,000 


K, 000, 000 


13,650,000 


4,000,000 


4,000,000 



STRUCTURE. 

This district is part of a syncline that extends entirely across the basin, the work- 
able coal lying on the eastern and southern limb of the syncline. On Hance Creek 
the top of the Naese sandstone is at an elevation of about 1,120 feet at the mouth 
of Wolfpen Branch, of about 1,080 feet at the mouth of Pitmans Creek, of 1,070 
feet at the mouth of Sam Low Branch, and of 1,000 feet, at Campbells Ford where 
it reaches river level. Along Hance Ridge the descent is seen by comparing the 
elevation of the Hance coals from south to north. Thus, starting at the south the 
Lower Hance coal is at an elevation of 1,820 feet on the Andy Miracle place at the 
head of Cubage Creek, of 1,825 and 1,810 feet at the two openings on the J. M. 
Miracle place. On the Julia Miracle place the elevation of the upper coal is 1,755 
feet; at the head of Pitmans Creek that of the upper coal is 1,730 feet, and that of the 
lower coal is 1,706 feet; at the Phelan Risner place that of the lower coal is 1,669 feet. 
On the Jim Green farm the two coals are at elevations of 1,731 and 1,715 feet. The 
elevation of the coal on the W. O. Miracle place is 1,709 feet, and on the Joseph Green 
place 1,710. On the Elijah Miracle place the lower coal is at an altitude of 1,665 feet. 
These elevations indicate that the coal dips more or less uniformly along the 
ridge from south to noilh. From the mouth of Hance Creek the rocks rise rapidly 
to the north; the Naese sandstone, which is at river level at Campbells Ford, is 140 
feet above the river at the Seven Sisters. The axis of the major syncline crosses 
Hance Creek near its mouth and Brownies Creek near Oaks. In a ti-ansverse 
direction the dip is from Hance Creek toward Brownies Creek. Thus the Yellow 
Oeek sandstone is below drainage along most of Brownies Creek, but it is 100 feet 
or more above drainage along most of Hance Creek. On Hance Ridge along the 
upper Sam Low road the Cawood sandstone is about 20 feet lower on the Brownies 
Creek side than on the opposite side, while on the same ridge along the lower Sam Low 
Branch road there is a difference of nearly but not quite 100 feet in the elevation of 
the Cawood sandstone on the two sides of the ridge, indicating torsional twisting. 
The coal in this ridge should therefore be mined from the north and east on the 
Brownies Creek side. From the Williams Spur the dip is to the west, so that the coal 
in that ridge would best be reached from Williams Branch or from Yellow Creek. 
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COLUMNAR AND COAL SECTIONS, LOWER PUCKETT DISTRICT. 

Scales. Columnar sections, 1 inch. 300 feet; coal sections. 1 inch^S feet. 
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The best section of the coals in this region is obtiiined on Toras Creek. 

Cwtis ami intervals on Toms Creek, 

Ft. in. 

Interval from top of Puckett eandstone 120 

Coal 2 10 

Intenal 140 

Coal 14 

Interval 40 

Coal, Creech 5 

Interval 1 80 

Coal, Kellioka 5 

Interval ' 250 

Coal , 1 3 

Interval 40 

C -oal, Uj>j)er Hance 4 

Interval 15 

Coal 1 

Interval .' 8 

Coal, reporteil 2 

Interval 120 

Coal , 8 

Interval 60 

Coal 2 6 

A detailed section of the upper part of the section is as follows: 

tSectio7i on Ttmis Creek. 

Ft. in. 

Sandstone, massive, crofc8-l)edded 20 

Sandstone, brown, thin l^eilded 50 

Interval, hidden 8 

Shale, drab, sandy 5 

Interval, appears to contain a coal 8 

Sandstone, drab, shaly 2 

Clay shale, drab 2 

Sandstone 2 

Shale, sandy, blue 2 

Sandstone, shaly, thin l)edde<l and cross-bedded 6 

Shale, drab 8 

Sandstone, sandy, dark blue 2 

CV>al 2 10 

Sandstone, thin and irregularly Ix^dded 3 

Shale, dark gray to black, very .^andy, * * fake " 112 

Shale, black 6 

Cit&] 1 2 

Shale, drab, hard 9 

Sandstone, brown, thin bedded and cross-ljedded 25 

( 'oal, Creech 5 

Sandstone, iniissi ve, croas-bedde<l 50 

Shale, drab, sandy ^ 2 

SandHtone, <lrab, shaly 3 

Interval, liidden 35 

Santlstone, brown 5 

Shale, brown, sandy 10 

Interval, apin'ars to In? shale 60 

Sandstone, thin bedded 3 

Shale, dark drab 3 
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On Puckett Creek this section occurs above Hobbs's mill: 

Section above Hobbs's mill on Puckett Greek. 
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A number of coals have been ppened on upper Path Fork which show the 
following thicknesses and intervals: 

CodUs and intervals 07i head of Path Fork of Puckett ()reek. 

Ft. in. 

Coal, elevation 2,430 2 10 

Interval 114 

Cannel-like shale 6 6 

Interval 71 

Coal crop , «5 

Interval 30 

Coal, Creech ' 4 

Interval _. 320 

Coal ". 3+ 

Interval 115 

Coal 2 8 

a 3 to 5 feet. 

COALS. 



COAL OF LEE SANDSTONE. 

Two openings have been made on a coal of workable thickness in the Lee 
sandstone of Pine Mountain in this district. One of these, opening on the D. H. 
Green place (632), shows 25 inches of solid coal. Over the coal is 12 feet of drab 
fissile shale, with 10 feet of shale partly hidden above. Over that is the massive 
sandstone of the formation. Under the coal is 5 feet of drab and yellow fire clay 
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to sandstone. The coal dips S. 35° E. at an angle of 48°. Both the coal and shale 
are cross jointed by pressure. A little farther east on the I. N. Creech place (633) 
what was apparently the same coal has been again opened. It shows here a thick- 
ness of 5 feet at the face of an entry, which extends 100 feet or more in the hill. At 
the entry the coal is not so thick; the greater thickness appears to be due to the 
crushing and squeezing to which the coal has been subjected. The coal is very hard 
and has to be shot down after undercutting. The roof in the mine appears to be 
excellent, hard, and smooth, and not greatly affected by pressure. The roof shale is 
33 feet thick beneath a massive ledge of sandstone; the dip here is S. 34^ E. at an 
angle of 40°. This coal is thought to be equivalent to the Tunnel coal, formerly 
mined on the Cumberland Grap road, as it appears to occupy a similar stratigraphic 
position. No trace of the Cumberland Gap coal has yet been found in this district 
(PI. XXI). 

COALS OF HANCE FORMATION. 
PUCKETT (X)AL. 

The correlation of this coal has been much in doubt. As already stated, the 
Hance coal, which has a good workable thickness on Hance Creek and along 
Brownies Creek, is represented on Puckett Creek by a coal much divided or 
else has not been found or has iiin out. The coal found along lower Puckett 
Creek, about 100 feet above the creek bed but reaching creek level near the 
mouth of Mill Creek, was in the field thought to be the equivalent of the Hance 
coal on Toms Creek. Several facts, however, cAst doubt on that correlation. In 
the first place the coal on Puckett Creek is usually split into two or three 
decided benches separated by an interval of varying thickness, and the benches 
themselves are usually thin. In the next place the distance from the Puckett 
sandstone to this coal on Puckett Creek is much greater than the distance from 
the same sandstone to the Hance coal on Toms Creek. There is, however, a 
strong dip to the east from the center of fTackson Mountain toward Puckett 
Creek,. and it was thought that this dip might account for the difference in inter- 
val. On Puckett Creek, as far as Lee Branch and Bear Tree Branch, this coal 
appears to be equivalent to the 34-inch coal found near the mouths of those 
branches. About 200 feet higher occurs a 4-foot coal that is thought to be equiv- 
alent to the Harlan coal, as it has been traced up Martins Fork just over the 
ridge. As before stated, there is reason to think that the Hance coal occupies 
practically the same stratigraphic position as the Harlan coal, and this fact and 
other conditions mentioned have led to the assumption that the coal along lower 
Puckett Creek lies about 200 feet below the Hance coal, and is the representative 
of the Bingham coal on Toms Creek and of the coal close to the schoolhouse on 
Blacksnake Branch of Brownies Creek. This correlation seems to be borne out 
by a study of the sandstones of the region. At most points where this coal is 
seen on lower Puckett Creek there is below it a fairly massive sandstone, which 
makes cliffs in places. An attempt made with great care to trace the Cawood 
sandstone from the region around Harlan to Puckett Creek seemed to indicate 
that the sandstone immediately below the Puckett coal is the equivalent of the 
Cawood sandstone. Therefore in this report the Puckett coal is considered to be 
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distinct from the Hance coal and to occur stratij^raphically just above the Cawood 
sandstone. A little above the Puckett coal there is another cliff-making sandstone 
which was at first thought to be identical with the cliff-making sandstone above 
the Hance coal, especially as developed on Hance Creek. On Wall ins Creek, 
however, there is a cliff-making sandstone 40 or 50 feet above the Cawood sand- 
stone, with a coal between, and this coal is supposed to be the equivalent of 
the Puckett coal on Puckett Creek. In places the Puckett coal shows three 
benches about equally sepamted; in other places, however, it appears in two quite 
distinct benches. This latter condition is particularly noticeable on Hlacksnake 
Branch of Puckett and Bull Branch of Puckett. In some places, where coal out- 
crops are long distances apart, there has been some question as to whether the 
coal found belonged to the Hance coal horizon or to the Puckett coal horizon. 
Thus, on upper Brownies Creek (604) near the lower end of the road from 
Brownies to Path Fork, just above Lee & Saylor's store, an exposure of coal 
shows a total thickness of 70i inches and is immediately under a massive sand- 
stone. This coal shows an upper bench of 30 inches, including a 2-inch parting 
2 inches from the roof; then below 7^ inches of parting is a 5-inch bench 
separated by 10 inches of clay from an 18-inch lower bench. The massive sand- 
stone immediately over this coal can be traced some distance down Brownies 
Creek. Near the Eads house there is an opening on apparently the same bed 
showing 44 inches of solid coal (609). A short distance up the second right-hand 
branch of Mill Creek of Puckett is a coal in three benches. The upper bench is 
19 inches thick, and is separated by 18 inches of clay from a 7-inch bench, which in 
turn is separated by from 3 to 6 inches of clay from a 10-inch bench. Over the 
coal is 7 inches of shale and 1 foot of black bituminous shale or "cannel slate," 
with 8-h feet of drab and brown clay shale above. The coal here (702) dips 
N. 10^ E. at an angle of 3^. Near the mouth of Mill Creek (700) an opening 
shows a 5-foot coal also in three benches, though quite different from the former. 
The upper bench is here only 6 inches thick, and 10 inches below it is an 18inch 
bench, below which are 1 inch of bone, 3 inches of coal, 5 inches of shaly coal, 
and another 18-inch bench of coal. At places along Mill Creek the dip appeared 
to be just about equal to the grade of the stream, so that there was some doubt 
whether these two coals were identical or whether the one at the mouth of the 
stream, which is believed to be the representative of the Puckett coal farther 
down the stream, is much below the other. If the two openings on Brownies Creek 
near Lee & Saylor's store and near the Eads house are on the Hance coal, then the 
Puckett coal on Brownies Creek is represented by a much split-up coal occurring 
50 feet or more below. Thus on the Palestine Howard place on Brownies Creek 
this coal (610) shows an upper bench 29 inches thick separated by 19 inches of 
shale and 3 inches of coaly shale from 3 inches of coal, below which come 3 inches 
of shale, 17 inches of clay, and 6 inches of coal, with probably coal and clay below. 
What is supposed to be the equivalent of the Puckett coal on Brownies 
Creek shows near the schoolhouse on Blacksnake Branch of Brownies Creek 
(614) just above the massive sandstone which causes such a waterfall in that 
branch. The bed here shows 25 inches of solid coal. There may be other 
benches not exposed. On Brownies Creek not far below the county line (606) 
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tho ciHil shows at the bottom of the bluff just above creek level. At this point 

there is ^6 inches of coal just below 25 feet of black and dark-drab fissile shale. 

Tmler it there are from 2 to 7 feet of drab shale and laminated sandstone (the 

interval lH>coming smaller upstream), 3 inches of coal, 1 foot of drab shale, 8 inches 

of ^^oaU *2 feet of drab shale, and 8 inches of coal, with drab shale below. On 

Toms Creek the Puckett coal is supposed to be represented by the coal on the 

Elijah Bingham place (654), a short distance up the right-hand fork. The coal 

here shows 31 inches of solid coal, with two 4-inch benches separated by 4 inches 

of clay, 12 inches below the main bench. The roof is shale and there is 12 feet 

of clay shale below the lower 4-inch bench. On Puckett Creek there are one or 

two openings on this coal on the left-hand side going up, lielow what is called 

the Uplands. One of these on the Frank Creech place (670) showed 26+ inches 

of solid coal. Over it there are 3 feet of blue shale and shaly sandstone above. 

The massive cliff- making sandstone shows about 20 feet above. A section at 

Hoblis's mill showing the coal in three benches (672) has already been given. Up 

Pounding Mill Branch of Puckett Creek (674) the lower coal shows a thickness 

of 2+ feet; the upper coal, which shows a short distance above, is reported to be 

3 or 4 feet thick. On the Millard Creech place, between Pounding Mill Branch 

and Bull Branch of Puckett, this coal (675) shows three benches 16 inches, 26 

inches, and 8i inches, respectively, separated by 19 inches of dark clay above 

and II inches of dark clay as a lower parting. The roof is of dark-clay shale. At 

the mouth of Bull Branch on the east side the following section appears: 

Sexivm of Jhirkett coals and accompanying strata at mouth of Bull Branch. 
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«6 
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3 
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11 

9 
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Ft. in. 

Shale, brown 2 6 

Sandstone, brown to gray ! 3 

Shale, brown 3 

Sandstone, shaly, brown to gray . 3 

Shale, brown and light drab ... 30 

Shale, harder 1 

Shale, light drab and brown ... 50 

Hidden by talus 60 

Shale, drab, i)oorly exposed 20 

Flagstone, shaly, light drab, 

breaking into thin slal)8 ' 6 

Shale, drab, fissile, to creek I 

level : 12 



"4 to 6 Inches. 



I'p Bull Hninch on the Abraham Slusher place both coals can be seen (679, 680); 
Umt lowi'V r^/al IH just ut <Tcek level, the upper coal about 20 feet above. The upper 
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Taken as a whole, the Puckett seam is seen to contain from 8 to 6 feet of coal, 
but only in places is enough of this in a single bench to make it minable. Up 
Blacksnake Branch of Puckett Creek the lower l>ench appears to have a workable 
thickness. The upper bench, though a little thicker in the same area, is too much 
cut by partings to be of value. On the whole, it may be doubted if this coal should 
be classed as a workable coal, though it may prove to be so toward the west; par- 
ticularly if we have been mistaken in our correlations, and exploitation should show 
that this is the same as the Hance coal on Toms Creek. 

No coals of good workable thickness were found below this level stratigraph- 
ically in this area. Near Lee & Saylor's store a lower coal is seen in the creek bed, 
upturned by the Brush Mountain fold, so that it dips N. 10° W. at an angle of 70° to 
80°. Near the schoolhouse on Brownies Creek (608) a coal of unknown but probably 
of not workable thickness is exposed in the side of the creek bank and is much 
broken up by faulting (608). On the Wilson place a short distance farther down 
Brownies Creek what is probably the same coal (611) is faced up, showing two 
benches of 17 inches each sepai*ated by 7 inches of drab shale. On lower Brownias 
Creek near Oaks what is probably the same coal has been dug into at several 
points close beside the road; as nearly as could be measured it showed two benches 
of which the upper was 16 inches, the lower 21 inches, with 10 inches of clay between. 
Eight feet of massive shaly sandstone outcrops immediately above. On the Cumber- 
land River just below the mouth of Puckett Creek on the Hoskins place some coal 
has been dug from two beds about 60 feet apart (668 and 669). A section at this, 
place shows as follows: 

Section on Cumberland River near CaUaxvay po^i-office. 
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Sandstone 

Shale, drab, fissile 
Sandstone, shaly 
Coal, not exposed 

Interval 

Sandstone 

Shale, sandy 

Shale 




Stratum. 



Coal has been mined, not ex- 
posed 

Shale, sandy • 

I Sandstone, crinkly bedded 

i Sandstone, more mai»ive 

! Sandstone, thin and crinkly 
bedde<l, to the river level 



ThickneflR. 



Feet, 



12 
40 



This is noith of the synclinal axis and the rocks dip to the southeast at an angle of 
10^. At Hobbs's mill 1 foot of coal at creek level (678) has already been mentioned. 



COALS OF MINGO FORMATION. 



A 34-inch coal is noted in this formation about 120 feet below the top of 
the Big Cliff sandstone in the section on Toms Creet. The section at the head of 
Path Fork showed a coal of similar thickness at apparently the same horizon. 
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There is thus suggested a coal of barely workable thickness near the top of this 
formation. Its roof in both cases is sandstone. On the Toms Creek section it has 
also a sandstone floor, which would seriously affect its workability. 

HANCE COAL. 

On the Brownies Creek side of Jackson Mountain, and through Toms Creek, 
what appears to be certainly one of the Hance coals presents a goo4 workable 
thickness. From the fact that at seveml openings a small coal has been found a 
few feet lower it has been assumed that the main coal in this area is the equivalent 
of the Upper Hance coal. On Blacksnake Branch of Brownies Creek, where this 
coal is certainly recognized, it shows a thickness of a little over 3 feet, with a 
li-inch parting 12 inches from the bottom. This is on the A. Slusher place 
(691). On the main fork of Stone Coal Branch of Brownies Creek the lower 
coal (618) shows a thickness of 2 feet 9 inches. A short distance up the middle 
fork of Stone Coal Branch on the Judge Morse place the upper coal shows a thick- 
ness of 6 feet 3 inches, including 7 inches of shale 2 feet 3 inches from the bottom. 
The roof is of light-drab and brown shale. Nine feet below, w-ith sandy shale 
between, is the lower coal 2 feet 10 inches thick. On the left-hand fork of 
Stone Coal Branch an even better showing is made. Here the seam has a total 
thickness of 73i inches, of which 71 inches are coal; there is a half -inch parting 
25 inches from the top and a 2-inch parting 28 inches from the bottom. The 
roof is a light-brown clay shale. On Hoskins Branch of Brownies Creek, on the 
Thompson place (602), this coal is reported to be 4 feet thick without partings. 
On the right-hand fork of Toms Creek, at the Elias Hoskins place (651), the 
coal has been faced up at the spring, and shows 48 inches of coal. The roof is 
of drab clay shale; the floor is a light-di*ab fire clay. On Long Branch of Toms 
Creek, on the Robert Johnson place (645), the coal shows 3 feet 10 inches of 
solid coal. Eight feet above are 8 inches of coal with a 1-inch clay band in the 
middle, and 15 feet below are about 1 foot of coal and 5 to 6 feet of sandstone. 
Eight feet lower is reported 2 feet of coal under a light-drab sandy shale. 
Where this horizon crosses Long Branch 32-|- inches of coal are exposed. On 
the Slusher heirs place on Toms Creek (635) the coal is over 4 feet thick with 
a 3-inch parting from 5 to 6 inches from the top. This parting consists of 1 
inch to li inches of light-brown or grtiy clay, 1 inch to of coal, and 1 inch 
to li inches of drab clay at the bottom. The roof is dark clay shale. Eighteen 
feet below an 18-inch coal has been faced up. Directly across Toms Creek, at 
the Carlo Amett opening (634) the coal is 54^ inches thick. It shows the same 
triple parting 6 inches from the top, which here runs from 2i to 3 inches thick. 
It is made up of from 1 to 4 inches of clay averaging li inches, one-half to 4 
inches of coal averaging 2 inches, and from 1 to 2 inches of cla}^ averaging li 
inches. There is a half-inch streak of soft coal 22 inches from the bottom. 
Over the coal there are 7 feet of brown to drab shale, overlain b}^ 6+ feet of 
brown sandstone; there appears to be about 1 foot of drab slate. The coal 
is here 1,476 feet above tide, or 110 feet above the creek. This coal is again 
seen near the mouth of Toms Creek and 300 feet above the (jreek (658). Here 
it shows 3 feet 9 inches of coal, with from one-half to 2 inches of soft coal 3i 
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inches from the top. On the north side of Cumberland River, in Tanyard Hill 
(6()8), is an old facing on this coal, reported to show 4 feet 4 inches. As given 
in these sections, this upper Hance coal shows an average thickness of alK>ut 4 
feet, practically all of which is workable. Its greatest thickness shows 71 
inches of coal. In determining the area underlain by it the difficulty is at 
once noticed that on the Puckett Creek side of Jac^kson Mountain either this 
coal has nqf, been recognized or it has thinned out, or it has become unwork- 
able, so that we are not able to say how far through the mountain it 
maintains the workable features shown on the west side. As in the preceding 
district this coal is correlated with the liennett Fork coals of the Ifcnnett Fork 
district. Of still more interest, it is supposed to >)e equivalent to the Harlan 
coal, which makes such a tine showing all through the eastern part of the field 
and which is believed to show at the head of Puckett Creek. There therefore 
seems to be some warrant in believing that this coal, like the Creech coal above, 
has escaped observation on the Puckett Creek side and that, therefore, it may 
prove workable entirely' through the mountain. With our present information 
we will assume it to be workable only halfway through the mountain. 

The following analyses will indicate somewhat the character of this coal: 

Analyses of the Hance atal in Jackson Mountain. 
Conntitaent. 
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A. Judge Moree place tm middle fork r>f Stone Coal Branch. 

B. SluHhcr helm, Toms Creek. 

C. Stone Coal Branch of Brownies Creek; analyzed by Robt»rt IVter. 

D. EliaH Green pla<'e, Toms Creek; analyzed by A. S. McCreatli; wample jfftthered by McCreath and d'lnvilliers. 

KELLIOKA CH>AL. 

This coal, which j^ivos some promise of yielding workable coal to the east of 
this rejrion, was not certainl}- recognized in this area; at least no coal was found 
showing anything like the thickne.^s fomid in the eastern district. The only 
point at which coal at about this horizon could be measured was on the Levi 
Miracle place on Toms Creek (642); here the seam shows 60 inches, all told, of 
which but little more than one-half is coal. It occurs in three benches. The 
upper bench is 5 inches thick and is separated by 7 inches of dark-drab clay from 
a lJ)-inch bench, below whicli is 20 inches of light-drab clay and then inches of 
coal. The roof is a gniy clay shale. It resembles the Kellioka coal in its split-up 
condition, but hardly shows as much actual coal as is usually found in that seam 
to the east. As other data are lacing it may be assumed that this is the same 
coal, and if this section is representative of that coal in this district it may be 
dismissed as not workable. 
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CREECH CX>AL. 

Probably the best coal in this district, as far as known, is the 5-foot coal 
made known b}^ a large number of facings which were made in 1902 under the 
direction of Mr. Robert Creech around Jackson Mountain. This coal offers an 
interesting illustration of the fact that a coal of good workable thickness may 
exist in these mountains and be entirely unknown because conditions do not favor 
its being exposed in natural outcrop or its producing coal blooms that attract 
attention and exploitation. Practically all of our data on this coal were obtained 
from the facing mentioned. On Blacksnake Branch of Brownies Creek this coal 
shows a thickness of 5 feet 9 inches, with a 7i-inch clay band 10^ inches from the 
top. On Black Lick Branch of Brownies Creek it is from 55 to 59 inches thick 
without partings. The roof there is shale. On Toms Creek on the Robert Johnson 
place (636) it is 52 inches thick without partings and has a sandstone roof. On the 
left-hand fork of Toms Creek on the Slusher heirs place it is 5 feet 1 inch thick, the 
1-inch parting being 11 inches from the top. Between it and the sandstone roof 
there is 10 inches of shale and coal. The floor shows a slight dip to the southeast. 
Its elevation here is 1,960 feet. Passing around the end of »Jackson Mountain this 
coal has first been faced on Campbell Branch of Puckett Creek at the Pine Hill 
opening (685). Here it is 4: feet 2 inches thick with a 1-inch parting 8 inches from 
the top. The roof is of shaly sandstone. On the right fprk of Blacksnake Branch 
of Puckett Creek (698) it is practically 5 feet thick, with a parting one-fourth inch 
thick 3 inches from the top and a 1-inch parting 7 inches lower down. The roof is of 
gray sandstone. On the Deadening Branch of Blacksnake Branch of Puckett Creek 
on the Mack Johnson place (697) it shows a thickness of 5 feet 5 inches, including 
a 5-inch parting 3 inches from the bottom and a 1- to l^-inch parting 10 inches from 
the top. Above the coal are 2^ feet of drab shale with 12-|- feet of dark-gray 
sandstone. The coal here, as at the next place, is unusually bright. The main mud 
slips run S. -10^ W. On the f^llis Branch of Blacksnake Branch on the Hiram Ellis 
place the coal is 62^ inches thick, with a i-inch parting Si inches from the top 
and a 1- to 3-inch parting 6 inches lower. The roof is of laminated sandstone. 
At the head of Blacksnake Branch the coal is somewhat thinner, showing only 43i 
inches under a gray micaceous sandstone (699). The openings so far mentioned are 
so close together and their relation to the Puckett sandstone is so constant that there 
can be little doubt of their all being on the same bed. Southward on Jackson 
Mountain, where the Puckett sandstone is not as distinct and where there are only a 
few old facings on what appears to be this coal, the correlation is less certain. On 
Jackson Mill Branch of Puckett Creek (703) a 40-inch solid coal was found at about 
the same horizon and is supposed to represent the Creech coal. On Spanish Oak 
Hollow of the same branch (705) this coal shows 41 inches thick, with a i-inch parting 
19 inches from the top. At this point, however, two other coals show a short 
distance above, the first a 14-inch bench 4 feet above, the second a 30-inch bench 8 
feet above that. The roof over the upper bench is sandstone. On Path Fork of 
Puckett Creek (712) occurs a 4- foot coal with a parting 19 inches from the top, 
which is supposed to be the Creech coal. Thirty feet above it a coal is partially 
exposed which seems to have a thickness of from 3 to 6 feet. This may be the 
representative of the 30-inch bench of coal in the Spanish Oak Hollow and may be the 
41— No. 49— 06 II 
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equivalent of the 1 foot 2 inches of coal a similar distance above the Creech coal on 
*Toms Creek. Until further exploration has been made on this upper coal we are not 
prepared to discuss its workability or persistence. In Reynolds Mountain the 
only trace found of the Creech coal was a bloom where the coal is reported to 
be 4 feet thick. Its presence, persistence, and workability on that mountain are, 
therefore, problematical. In the northern end of Jackson Mountain, however, 
and possibly all throuf^h Jackson Mountain it presents a good thickness. The 
following analyses indicate a good quality. It is fairly high in the hill, so that 
its area is liihited. But as it is below the massive Puckett sandstone, its area 
is much greater than if it were above that sandstone. 

Analyses of the Creech coal in Jackson Mountain. 



Constituent. 



Water as received 

Water (powdered coal) 

Volatile combustible matter 

Fixed carbon 

Ash 

Sulphur 

Phosphorus 



A. 



Percent. 

8.776 

5.100 

35.270 

53. 101 

5.840 

.689 

.003 



B. 



I 



Percent. 

6.382 

3.020 

38.040 

55.468 

2.800 

.762 



Percent. 



1.350 
38.760 
55.847 

3.330 
.713 



Percent. 



Percent. 



2.232 
36.518 
56.257 

4.080 
.913 



3.492 
35.308 
57.392 

3.200 
.609 



All analyses by A. S. McCreath. from samples obtained in 1902 and 1908. 

A. Mack Johnson place, Deadening Branch of Blacksnake Branch of Puckett Creek. 

B. Slusher heirs opening, Tomn Creek. 

C. Hiram Ellis, Ellis Branch of Blacksnake Branch of Puckett Creek. 

D. Harvey Miracle place, Spanish Oak Hollow, near head of Jackson Mill Branch of Puckett Creek. 

E. Path Fork of Puckett Creek. 

The first of these analyses is of badly weathered coal, as shown in the 
amount of water contained, and, as might be expected, the coke was barely 
coherent, but what this coal would do under better circumstances is probably 
indicated by the other analyses on the same bed, taken but a short distance 
away. This shows the coal to be fairly low in ash and in sulphur, and to have 
about the average amount of fixed carlxjn that occurs in the coals of this 
region. The crucible test showed the coke to be of fair quality, but with a 
tendency toward a granular and therefore rather weak structure, and in this 
case, as in most other cases in this field, the coal was obtained from a facing but 
a few feet deep, and, therefore, probabh^ slightly weathered, a fact which may 
have affected the character of the coke. 



COAL OF (MATRON FORMATION. 

One or two coal blooms in the upper part of this formation close below the 
Jesse sandstone suggest the presence of coal of some thickness that is possibly 
workable. Near the top of »Tackson Mountain a little back from Walnut Cove, 
near the northern end, 20 inches of coal were seen immediately below the massive 
sandstone cliff. The coal at this point or near here was reported to be 7 feet 
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thick. The sandstone roof of the coal here is very irregular. One or two other 
bloomjs were seen below this, but of the coal at these points nothing is known. At 
the bottom of the formation is the Wallins Creek coal, of which only one measur- 
able section was seen, on the west side of Reynolds Mountain below Hanging 
Rock. It had a total thickness of 5 feet 5i inches; the lower 18 inches were 
bony, and there was a 5i-inch parting 35 inches from the' top; the roof is shale. 
No analyses of this coal collected in this area have been made, so that its character 
and thickness must be judged from the more eastern districts, where it is better 
known. 

COAL OF HIGNITE FORMATION. 

One or two coal blooms were seen in the rocks along the crests of ReynoIcLs 
Mountain, but at no place were they exposed so as to show the character and 
thickness of the coal. Considering the small area covered by this formadoaJH^ VoiiJ 
be considered to carry no workable coals. 

SUMMARY. 

Summary of coaba of the Ixywer Puckett district. 

Number of coal beds found 26 

Total thickness of coals feet. . 3(M0 

Number of coal beds of workable thickness (locally) 9 

Average thickness of principal workable coals feet. . 4J 

Total thickness of workal)le coal beds do 20 

Greatest thickness of single coal bed measured do 10} 

Greatest thickness of coal in single bed measured do 7^ 

Approximate area underlain by workable coal square miles. . 10-20 

Estimated available tonnage of district tons. . 40, 000, 000 



Approximate elevation above tide feet. . 

Thickness: 

Greatest do 

Average do 

Least do 

Average thickness of workable coal do 

Number of measurements 

Area of seam acres. . 

Total coal per acre tons. . 

Available coal per acre do 

Coal available in district do 



Creech. 



Hanee. 



2,000 



1,400 



5} 


ei 


'* 


4i 


'* 


3^ 


'i\ 


4 


12 1 


9 


3,000 


6,000 


7,380 


6,560 


6,000 


6,000 


,000,000 


30,000,000 



STRUCTURE. 

As in the preceding districts, the general structure here is synclinal, the main 
axis crossing Brownies Creek near Oaks and Puckett Creek near the mouth of 
Bull Branch. The workable coals are almost entirely confined to the southern 
limb. On Puckett Creek, within this district, the dip almost exactly corresponds 
with the gradient of the stream. What is supposed to be the Puckett coal is at 
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stream level near the junction of Lee Branch, Bear Tree Branch, and Rockhouse 
Branch. It is again just above creek level on Mill Creek, just above the. mouth 
of that creek where Puckett Creek enters this district. From there downstream 
the coal gradually rises above the creek level until at the mouth of Campbell 
Branch it is about 120 feet above the creek. A somewhat similar dip is seen 
following the crest of Jackson Mountain and Brownies Ridge. In a transverse 
direction the dip which was found to extend from Hance Creek to Brownies Creek 
is continued, so that the formations that were exposed along that creek and were 
just below creek level on Brownies are deeply buried along Puckett Creek. The 
1-foot coal at Hobbs's mill on Puckett Creek just at creek level is stratigraphically 
about in the position of the coal at the Lum Green opening on Hance Creek, 
which is 220 feet above creek level. This northeastward dip is verj- well seen on 
Blacksnake Branch of Puckett Creek, either by tracing the sandstone, which makes 
fairly prominent outcrops, or by the levels on the coal lying just above. Thus 
the Puckett coal near the mouth is estimated to have an elevation of 1,245 feet, 
while the same coal at the Anthony Ely opening, near the mouth of Deadening 
Branch, has an elevation of about 1,425 feet. From Puckett Creek northeastward 
the strata rise again, suggesting that the lower course of Puckett Creek follows 
the axis of a transverse syncline. On the road from Puckett Creek to Cumberland 
across the Uplands this rise is very marked, though in this case part of the rise 
may be ascribed to the fact that we are north of the main synclinal axis. 

WAIililNS CREEK DISTRICT. 
GEOGRAPHY. 

This district includes the mountains on the south side of Cumberland River 
from the eastern side of Lower Puckett district along Puckett Creek to Jackson 
Mill Branch; its boundary extends thence down Sang Branch of Wallins and up 
Wallins to Banners Fork, up the branch of Banners Fork across Potato Hill 
Ridge, down Little Creek to Catron, and north of 'west on a straight line to 
Pine Mountain. The limits have been governed partly by the size of the page^ 
and partly by the fact that within this district our knowledge of the Harlan coal 
is very uncertain. The Harlan coal ha^ been traced in all the area immediately 
east and south of this district. Aside from Cumberland River the three principal 
valleys are Wallins in the center, and Forrester and Ewing on either side, with 
Jesse Creek between Forrester and Wallins. Wallins Creek has a larger amount 
of bottom land than most of the streams of this region, probably due to the fact 
that it is a little longer. The ridges have the same general character as in the 
last district, but are slightly higher. Fox Knob, at the head of Ewing Creek, 
with an elevation of 3,416 feet, is the highest point within this field, being 
exceeded on the map only by the highest point at the Butts of the White Rocks on 
Cumberland Mountain. The coals of this district lie in a good position for mining, 
as they dip toward the main drainage lines, so that they can be worked from 
Forrester, WalliiLS, and Ewing creeks. The Southern Railway has surveyed a 
line up Cumberland River through this district, which, if it is built, will form 
an outlet for the coal of this region. 

a The pa^e maps have been combined into PI. XL, in pocket. 
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the true representative of the Cawood sandstone and that a coal which came 
between the two sandstones probably occurred at the horizon of the Puckett 
coal, as typicall}' exposed immediately above Hobbs's mill on Puckett Creek. 
A little farther up Wallins on the west side and about opposite Meadow Branch 
this lower ^Ifbldstone makes a local cliff and shows a thickness of alx)ut 10 or 15 
feet, and is overlain by a thin layer of concretionary limestone. This limestone 
was again recognized overlying about 15 feet of sandstone immediately opposite 
the mouth of Hobbs Branch and 40 feet above Wallins Creek. Near the highest 
point of the trail from Wallins Creek to Jesse Creek the sandstone, making a 
rather prominent outcrop and showing a decided rise to the west, was thought to 
be the Cawood sandstone. This sandstone occurs again on the west side of Jesse 
Creek at approximately the same level and makes several prominent cliffs on the 
trail from Jesse Creek to Forrester Creek. On this trail it was thought to be the 
sandstone outcropping on the trail 140 feet above Forrester Creek. From there 
it was traced with less certainty, because more poorly exposed, to Saylor Creek, 
where it appeared to be the sandstone jnaking sjight cliffs about 140 feet above 
the mouth of the left-hand fork of the creek. 

This tracing of the Cawood sandstone has been mainly relied upon in the 
determination of the stratigraphic position of the coals of the lower part of the* 
section. A group of sections in this district is presented on PI. XXII. 

The stratigraphy of the lower part of the section is best seen, perhaps, between 
the mouth of Wallins Creek and Ewing Creek, especially on the trail passing up 
Terry s Fork and Piatt Fork of Terrvs, and over to Cumberland. The Naese 
sandstone outcrops at river level just below the mouth of Wallins Creek. On the 
north side of the river farther up, from 125 to 150 feet of it is exposed. Above 
the month along Wallins Creek opposite the mouth of Terrys Fork is a massive 
sandstone making a small cliff, which was taken to be the Yellow Creek sand- 
stone. Just below the mouth of Piatt Fork of .Terr3\s is the Terrys Fork coal, 
one-half cannel and one-half Jjitumftiott^, 4 feet thick. From 5 to 80 feet above is 
another coal that is a foot or two in thickness and possibly is equivalent to the 
4-foot coal (756). Higher on the trail a ledge of massive sandstone was crovssed 
at an elevation of 200 feet above the Terrys Fork coal. This ledge is taken to 
be the Cawood sandstone. About 40 feet above it on the Jesse Howard place a 
28-inch coal has been opened. Eighty feet above that and immediately over a thin 
layer of massive sandstone is a coal measuring 3 feet or a trifle over. The last- 
mentioned coal is believed to be equivalent to the thickest coals found in the 
lower part of the section on Ewing Creek and Wallins Creek. Some question 
was raised as to whether this was not the Harlan coal, which attains such importance 
in the succeeding districts. A careful stud\' of the stratigraph3% however, led us 
to place the position of the Harlan coal in this district just above a massive 
cliff-making sandstone that occurs 80 to 100 feet higher. No coal was found at 
this horizon, unless it be the coal on the Sarah Blanton place on Forrester Creek 
(744). Possibly the principal objection to the 3-foot coal just described being the 
equivalent of the Harlan coal is the fact that it is about 100 feet nearer what 
was taken to be the Cawood sandstone than the Harlan coal is in the Harlan 
district and a corresponding amount farther below the Wallins Creek coal than 
the Harlan coal should lie. The sections given on PI. XXII, opposite, may be 
briefly summarized as follows: 
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Sections in WaUins Creek district, 
FORRESTER CREEK FROM THE MOUNTAIN SUMMITS AT THE HEAD TO THE MOUTH. 



No. on 
map. 



740 



Stratam. 



Interval 

Sandstone, Reynolds 

Interval, to where surface is 
covered with gritty frag- 
ments characteristic of Jesse 
sandstone 



Interval, to spring, probable 
position of WaUins Creek 
coal 



Interval 

Coal, bloom. 



Thickness. 



No. on 
map. 



Ft. in. 
50 
50 



340 



230 
160 



739 



732 



i! 729 



Stratum. 



Thickness. 



Jl 



Ft. in. 

Interval 20 

Sandstone, Puckett j 30-60 

Interval 90 

Coal, bloom 

Interval 

Coal, bloom, Harlan (?) 

Interval 

Coal 



540 



200 
1 



BRANCH OF FORRESTER CREEK. ENTERING FROM THE WEST BETWEEN WOLF AND LAUREL BRANCHES. 



738 



737 



736 



735 



Interval 

Coal 

Shale 

Coal, WaUins Creek (?) 

Interval, thin-bedded, shaly 
sandstone and shale 

Coal with two partings 

Shale 

Coal 

Sandstone 



50 

20 
±3 



20 





3 





30 





1 


8 


30 






734 



733 



733a 



732 



Coal 

Interval, mostly shale 

Sandstone, Puckett 

Interval, nearly all shale. 

Coal 

Interval 

Coal 

Interval 

Coal, Harlan (?) 



1 

100 

80 

70 

1 
20 



530 



DIVIDE BETWEEN FORRESTER CREEK AND JESSE CREEK OPPOSITE THE MOUTH OF LAUREL BRANCH. 



744 



Interval 

Sandstone, Puckett 

Interval I 570 

Coal, Harlan (?) 



60 







20 
>70 






729 


3 


7 


1 



Interval 

Coal 

Inter^'al 

Sandstone, Cawood. 



190 

2 

30 

40 



FROM TOP OF MOUNTAIN AT HEAD OF JESSE CREEK DOWN JESSE CREEK TO MOUTH. 



Interval 

Sandstone, Reynolds 
Interval 



753 
752 



Sandstone, finely conglome- 
ratic, Jesse, type locality. . . 

Interval 

Coal bloom, thick (?) 
Interval 

Coal, WaUins Creek (?) 




751 



747 



Interval 

Sandstone, hard coarse, Puckett. 

Interval 

Coal bloom, Harlan (?) 

Interval 

Sandstone, Cawood (?) 

Interval 

Sandstone, Yellow Creek (?)... 
Coal bloom 



130 

20-60 

600 



190 

30 

220 
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Sections in WaUiruf Creek diMrict — Continued. 
ON CAMP BRANCH OF WALLINS CREEK. 



No. on 
map. I 



Stratum. 



Thickncsw. 



i No. on 
' map. 



Sandstone, Puckett 20+ 



Fk in. , 



;i 



762 
761 

811 



Interval 
Coal .... 



Interval, possible position of 
Harlan coal 



Interval 

Coal, Ewing Creek . 

Interval 

Coal 

Shale , 

(>>al , 



710 
2 

60 

130 

2 

90 



760 



759 



758 



Stratum. 



20 



Interval 

iSandstone, Cawood (?) . . . 

Shale 

Coal 

Interval 

Coal, cannel , 

Inter\'al 

Coal, cannel 

Interval 

Sandstone, Yellow Creek , 



Thickness. 



ON HOBBS BRANCH OF WALLINS CREEK. 



HandMtoni* 

810 Coal 

Handxtonc 

HhsiU' 

mi Coal, Hniith 11-foot (?) 



KHndnton^*, niUHHive, cr<»HH- 
iMMldtMl 



Itit4*rvttl, hidden 

Hhali- 

WiH (Um\ 

I HandKtofii*, Mhaly 

Hhaln 

Hiiwlnttnu^, iiiai«Mivo 

Hliali- 

Huh'inUitit^t tniiMiivf* 

HUuU' 

ktrj i 'im\, WalllnN ( 'hm^Ic 

^.UtiU' 

^Mff'lnlofii', Mlialy, laininat4Ml. .. 
*/<#; i iM\ 

'**.\ttiU' 

f^^, t *fii\ 

f U/ chilli' 

*'4h/Uh,iii', tnuttmhi', l*in*kett(?) 
i/rt ^'.^1 



''lt4,f\fUtUf 



50 

10 
15 
3 

;i5 
5 
10 

(i 
10 
55 

8 
12 
15 

6 
50 
15 

1 
15 

30 
50 

1 
3 

1 



803 



Shale 

Coal 

Sandstone, shaly, laminated. 
Shale, sandy 



Sandstone, shaly, thinly lami- 
nate<l 

Shale 

Interval 

Shale 



Sandstone, cross-bedded 
laminated 



and 



802 



Interval 

Sandstone, massive 

Sandstone, thinly laminated . . . 

Sandstone, massive 

Sandstone, shaly, laminated 

Interval, hidden 

Shale 

Coal 

Sandstone, massive 

Interval, hidden 

Sandstone, massive 

lnter\'al, hidden 

Sandstone, massive 

Shale 

Sandstone, thinly laminated, 
shaly 

Shale 



Ft. 
40 
10 
80 



20 





2 


2 


20 





25 





30 





20 






1 







3 


10 





20 





30 





40 





70 





10 





15 





25 





20 





30 





10 





15 





15 





15 





1 


6 


40 





60 





20 





25 





40 





20 





20 





10 
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No. (Ml 
map. 



Thickness. 



^7. 17J. 



No. on , 
' map. I 



Interval, liiddeii 15 

.Sandstone, cross- bedded, mas- 
sive 



801 



800 



Coal ! 

Sandstone | 20 

Shale, sandy | 20 

Shale I 

Sandstone, thinly laminated .., 

Coal j 

Sandstone, thinly laminated ..| 

Shale i 30 

Sandstone, massive to lami- 
nated, i)artly hidden 



Shale, light drab, position of 
Harlan coal (?) 



Sandstone, massive, cross-bed- 
de<l 



15 


i! 




2 ' 


20 





20 





10 





10 


1 


1 





20 





30 


1 


40 


. 


20 





40 


1 



Shale 

Interval, hidden. 



I Sandstone 

Shale, with lenses of limestone. . 



Thickness. 



Ft. 
5 
10 
30 
20 
60 



I Interval 

799 I Coal, Kwing Creek 

Interval, sandstone mostly 25 

797 Coal 

Interval, some sandstone 60 

796 ! Coal 1 

I Sandstone 8 

! Shale I 12 

Sandstone, Ca wood I 10 



Shale, sandy 

Interval to mouth of branch. . 



30 
65 



ON TERRY8 FORK OF WALLIN8 CREEK. 



Interval, mostly sandstone 

Interval, hidden 

Sandstone 

Interval, mainly sandstone 

Interval, containing some soft i 
brown sandstone 120 

Sandstone, massive ' 40 



70 





40 





40 





50 






Interval 

Sandstone, shaly, thinly lami- 
nated I 



825 



824 



823 



Interval, hidden. 

Shale, sandy 

Coal 



10 



Sandstone, shaly, 
bedded '. . 



irregularly 



Coal 

Sandstone, massive 

Coal 

Shale, black 

Clay shale 

Sandstone, cross-bedded . 
Shale, bituminous, black . 



80 


^ i 


10 


1 


15 







10^ 


20 





1 


6^! 


50 


1 




6 




6 : 


50 





40 







8 



822 I Coal 



Sandstone, thinly laminated . . 

Interval, some thinly lamina- 
ted sandstone 



821 



820 



Sandstone, massive 

Sandstone, shaly 

Interval, position of Wallins 
Creek coal (?) 

Sandstone, hard, 
rockhouse 



making a 



Clay shale 

Interval, hidden 

Sandstone 

Coal 

Sandstone, thinly laminated. .. 
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than at the position of the Puckett sandstone, the latter having run out or become 
inconspicuous. The approximate position of the Harlan coal in the lower part of 
the section is suggested by known elevations of the Harlan coal a mile or two either 
side of this section. 

COALS. 
COAL IN MINGO AND HANCE FORMATIONS. 

Under this heading are first considered the coals above the Puckett sandstone. 
On Sang Branch of Wallins Creek, on the border of this district, Mr. David White 
found a 5-foot coal with three partings 100 feet below the Wallins Creek coal. 
He did not stop to examine it in detail. On Irving Branch of Ewing Creek 
at about the position of the Wallins Creek coal there were found two exposures of a 
40-inch coal (833). Thes'e were not 30 feet apart horizontally, but one of them was 
30 feet higher than the other. As the coals show the same measurement to an inch, 
it was thought a small fault came between them. No evidence of this fault could be 
found in the rocks outcropping just above. In about the same position on Jesse 
Creek a 38-inch solid coal was seen (754). On Little Creek McCreath and d'Invilliers 
report a small coal as follows: 

'' Beneath this [Wallins Creek coal] some hundred feet a lower coal showed 6 
inches on top, 2 inches of bone parting, and 24 inches of bottom doal." 

On Terrys Fork at about this elevation there was found a 32-inch coal (821), 
which showed a top bench of 28 inches separated from a bottom bench of 4 inches 
by 4 ipches of clay. In some cases it was at first thought that this coal, ranging 
from 30 to 40 inches, was the representative of the Wallins Creek coal, especially 
where seen on Terrys Fork, Jesse Creek, and Irving Branch. Fuller consideration 
of the data, however, especially in view of the fact that the Wallins Creek coal 
has been reported to have a thickness of 9 feet on Terrys Fork, and that a 6-foot 
bed has been reported on Sang Branch 100 feet below the Wallins Creek coal, 
have led us to conclude that about 100 feet below the Wallins Creek coal there 
is a workable coal, but it has a thickness so little over the workable thickness 
that its value is questionable. The presence of this coal beneath the thick Wallins 
Creek coal in this district produced a certain resemblance between the manner 
of occurrence of the Smith 11-foot coal and of the 44-inch coal lying below it, 
and was one of the factors rendering doubtful our correlation of the 44-inch coal 
on Puckett Creek with the Wallins Creek coal and of the 11-foot coal with the 
44-inch coal above the Wallins Creek coal on Trace Fork. In this case we have 
been influenced by the apparent relationship of the coals to the prominent cliff- 
making sandstones, so that the correlation that has been used is none too certain. 
One or two other coals were found locally above the Puckett sandstone and 
below the Wallins Creek coal. Of these, one on Ewing Creek (837) gave a total 
thickness of 41 inches, an upper bench of 10 inches, separated by 10 inches of clay 
from a lower bench of 21 inches. Below the Puckett sandstone in this district 
the principal problem was the recognition of the Harlan coal, which is such a 
valuable feature of the districts east and south of this one. Our efforts were not 
successful in finding a coal resembling the Harlan coal in thickness, or in its 
stratigraphic relationship to the rocks above or below it. The position at which 
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we jjt?iii^ied the Harlan coal on the basis of the stratigraphy yielded no coal; 
either we were mistaken in the horizon which we correlated as Harlan, or the 
Harbin i-oal had run out in this district, or it exists and has not been exposed. 
On Forrester Creek a vein 43 inches thick, including a 2-inch parting 15 inches from 
the bottom (744), seems to occur at the stratigraphic position of the Harlan coal. 
Again, on Irving Branch of Ewing Creek at the horizon we assigned as that of 
the Harlan coal, a 7-foot coal was reported as having formerly been exposed, but 
is hidden now. In the districts east and south of this one a thick coal, though 
osoally broken up with partings, called the Kellioka coal, lies about 250 feet above 
the Harlan coal. Coals were seen at two or three points in this district which were 
thought to possibly come at the horizon of the Kellioka coal. On Sang Branch of 
Wallins Creek just at the edge of the area (764) from 34 to 36 inches of coal were 
seen in a natural exposure. The top was not exposed, and it was reported that 
the total thickness of the coal here is 51 inches. On the D. F. Noe place, on a 
»mall branch entering Wallins Creek about one-fourth of a mile above the 
mouth of Banners Fork, Messrs. McCreath and d'Invilliers report a coal 400 feet 
above the creek that shows a total thickness of 4 feet 9 inches. However, the 
thickest bench, the bottom one, is only 2 feet 6 inches thick. Above it is 4 
inches of shale, then 13 inches of coal and shale in 1-inch bands with an 11-inch 
\fen('h of coal at the top. A short distance above the horizon which was 
coDMidered that of the Harlan coal, thin coals were found at several places. On 
the right-hand fork of Wallins Creek this coal showed a top bench 24 inches thick, 
then 14 inches of clay, then 2 lower benches, 2 inches and 3 inches thick, separated 
by 3 inches of clay. The roof here is sandstone (787). On Banners Fork, at 
what was thought to be the same horizon, the coal showed two 13-inch benches 
i^fiarHti^ by 8 inches of clay (794). On Camp Branch of Wallins Creek the 
fuml at the same horizon shows a 14-inch bench at the top, then a parting of 
Z^ inches including a 1-inch band of coal one-half inch from the bottom, then 
a indUmi liench of coal 14 inches thick (762). At an elevation of about 150 feet 
aU>ve the top of what was correlated in this region as the Cawood sandstone 
iHvt'MTH a c^ml that in some locations is of a workable thickness. It is typically 
^hown in the trail leading from Wallins Creek up Piatt Fork of Terrys Fork 
ari/l over to the Cumberland River. It is plainly exposed in the trail immediately 
aU/ve a thin l>ed of massive sandstone and is overlain by a thick bed of shale. 
At an entry a little to the west it measured 36 inches without partings (827). 
()n Jlob^m Branch of Wallins Creek what was thought to be the same coal has 
\h*A'4% ii\}i*AM*A on the James Brunnett place. The main bench gave a thickness of 
2^/1 inches of c<>al. Sixteen inches above that came a 3-inch bench of coal (799). 
On irving BrKnc^h of Ewing Creek (833) apparently the same coal has been opened 
and shows a thickness of 3 feet 4 inches. As on Piatt Fork of Terrys Fork 
/H27;, it inunexliately overlies a thin to massive sandstone and immediately under- 
Vh'M a 0A)UH\(\itrvL\Aii thickness of shales. On the main branch of Ewing Creek 
wtuu^ distance a(K>v(*x the mouth of Irving Branch the same coal has been opened 
and nhowH a tliickness of 3 feet 3 inches (840). This coal was correlated with 
iU*', i'Huui'X c<ial opened upon the Thomas Noe place, a short distance up Banners 
Vork of Wallins Creek on the north bank (791). The coal, however, shows a 
t/flnl thickness of only 13 inches of good coal, two benches — the upper 10 inches, 
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r«?CAl. '.♦ feet. The roof is of shale. A small 2-iifch parting of splinty coal occurs 
AH«>Qt ^ inches alx>ve the lire day, but its presence seems to have added but little 
if Anv ti> the percentage of ash as shown in the analyses of the coal from this place. 
Analyse^ of this coal and two samples of its coke were obtained by Ml*. 
Thni^ton at the head of Wallins Creek, and, though out of this district, will be 
inrluded here to give a preliminary idea of the value of this coal as a coking 
t-ottl. The section reported by him yielded a top l)ench 71 in(».hes; coal and shale, 
l'» Irirhes: clay, 7 inches; coal, 5 inches. On Sang Branch again this coal shows 
a v^r\- similar section to those already quoted. On Forrester Creek, the coal 
apfjarently at this horizon gives a total thickness of over 6 feet. It is rather 
Gladly broki»n up by (mrtings, so as to be doubtfully workable. It shows a top 
Urnr-h of H4 inches, then 11> inches of clay, S inches of coal, 3 inche^d of bone, 12 
inrh^rs of coal, 5 inches of clay, 4 inches of coal. There is a total of less than 5 
ffrf't 4}f cfial, and M inches is the thickest Ixsnch that could be worked. Over the 
rfMl \m fn>in to is inches of shale below sandstone. Judging from the sections 
v-en and those quoted on Little and Terrys branches, it would appear that this coal 
-should. Ih' workable over nearly all of this district within its outcrop and over a 
larjf#' -bare of the district should present a single workable l>ench from 6 to 7 
fff'f fbi'-k, not taking into consideration the bottom 12 to 15 inches below the 
*ir<' 'lay (mrting. The following analyses will give some idea of its quality, though 
tft fUf *H^i' tti the sjimple obtained in 1902 and that obtained by Messrs. McCreath 
arid d'hivillier-* in 1H8H the coal was ver\' nmch weathered, yielding a high 
l^'Ttt'txin^*' of moisture and thereby reducing the percentage of combustible matter. 
7K/' Jir'f of th«-<* analyses is by McCreath from a sample obtained in 1902 of coal 
^n Hooff^ iWnurh; the second analysis is by McCreath from a sample obtained by 
\flf4 .r*Ht\i jifid d'Invilliei-s near the head of Terrys Fork; the third is by Kol)ert 
Uffst ir'ftu a -ample by R. C. B. Thruston of coal from the Milton Hensley 
;^*^/ f»*'Ht iUt' iH'ad of Wallins Creek. The fourth is of 4S-hourcoke made from the 
'//e»i j/r'/' iM'd inv tin* third analysis. The fifth analysis is of 72-hour coke made from 
r./ -if//*/' ///fil: \Ut' la.-t two analyses are by Peter. 

Ann'tjM'M nf Wallins Creek cttfil in I'pper Pnrkett fliMrid. 
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'/^4| ;i- 'boHM by th<' ai)ov'e analyses, is low in sulphur, prolmoly high in 

... '///jrtMi- on H fn^nh rxposun* probably a good percentage of combustible 

^ -r./z-Jd tiH'n'fon* mak(> u good steam coal, and from the analyses of the 

/ .^t. thf i'ld II |.'o<»d roking coal. The sample obtained m 1902 was too 

..'♦*/.w</J I// roki* at all. The cokes, of which analyses are given, are 

^/, A.- 4jf\f*ititi$^ lo \h' good, firm, dense cokes. 
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COALS OF H IGNITE FORMATION. 

Several coal blooms were seen on the flanks of Fox Knob in this formation. 
Of these, one (847) showed a heavy bloom suggesting the presence of a thick coal. 
The uppermost of these outcrops (844-845) was seen at three places, suggesting a 
persistent and possibly important coal. On the whole, these coals underlie such 
small areas as to be of little importance, even if of workable thickness. 

SUMMARY. 

ASummari/ of coals of Wallins Creek diMrict. 

Number of coal be<ls found 

Total thickness of coals feet . . 

Number of coal l^>eds of workable thicknej^s 

Average thickness of principal workable (^oals feet. . 

(Greatest thickness of sinj^le coal bed measured do 

Greatest thickness of coal measureil in single bed do 

P^timated available tonnage of district tons. . 



20-:^4- 

6ib 

3 and 6 

8 

7i 

50, 000, 000 



Approximate elevation feet above tide. . 

Thickness: 

Greatest feet. . 

Average do 

Least ' do 

Average thickness of workable coal do 

Number of measurements 

Area of seam acres. . 

Total coal per acre tons. . 

Available coal per acre do 

Coal available in clistrict do 



Wallins Creek. Other coals. 



2,500 



9 I. 

8i,. 

71^2 I- 

6+1 

4 |. 

3,000 I 

13,000 I 

8,000 I 

24,000,000 I 



34- 



6,000 

5,000 

4,000 

24,000,000 



STRUCTURE. 

This basin is crossed near the center b}^ the axis of the syncline. It crosses 
Forrester Creek well down toward the mouth approximately near the bench 
mark, 1,185 feet on the map. On Wallins Creek it crosses a short distance below 
the mouth of Camp Branch; on Ewing Creek about at the mouth of Irving Branch. 
On Wallins Creek to the north of the axis there is a sharp dip for a short distance 
showing in the shale and then to the mouth of the creek the rocks are approxi- 
mately horizontal, though showing some local minor dips of some sharpness. 

To the south of the axis of the syncline the dip keeps the rocks on Wallins 
Creek at just about the same vertical distance above creek level. Above Sang 
Branch the rise appears to be greater than the rise of the creek bed in going 
southward. On Ewing Creek south of the axis the rise appears to be quite sharp. 
The comparison of two sections from the creek to the crest of Wallins Ridge 
indicated, according to barometric readings, a dip to the south rather than in the 
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v'^>|x^!ie dirtH-tion. Whether this difference is made up hj' faults, or whether there 
is *n :R*cual twisting of the rocks between the line of the creek and the line of 
ih^ onesl, or whether it was due to variation in barometric readings, could not 
W rieiemiined. At the mouth of Hobbs Bmnch the dip is to th^ east. At the 
xu^»uth of i^amp Branch the dip is quite strongly to the west, giving the appear- 
ai>ce of an anticline along the valle}'^ of Wallins Creek. In general the dips are 
jbA very marked, with the result that the elevation of any coal or any sandstone 
kyer does not vary much between the Cumberland River and the south limits of 
the district, in most ceases probabl}' not more than 100 to 300 feet at the outside. 

harijAX district. 

geography. 

This district includes portions of Big Black and Little Black mountains and the 
lower end of Ewings Spur. The mountains of this district are of the same 
jrenenil type as in the two districts last described. The coal of this district can 
\ftf readily gotten at from Cuml)erland River or from any of its three forks. The 
cxil in Big Black Mountain unfortunately dips into the mountain from both Poor 
Fork and Clover Fork sides. Were it possible to work this coal in a single 
^KJdy. it proliably could \ye entered best from the extreme western end a short 
distance alnive the mouth of Poor Fork toward Harlan. The coal on Little 
Bhurk Mountain can probably l)est be worked from Clover Fprk, toward which 
it dijj- in the neighborhood of Harlan, though farther eastward there is a dip 
toward the ^-ast, making it desirable to attack the coal in that part of the 
mountain from Jones or Yocum creeks. The southern edge of this district lies 
fi«^rly flat n<> that there the coals could be reached from the tributaries of Mar- 
tin- Fork. The croal in the end of Ewings Spur can ix)ssibly l)est be reacihed 
from Martina Fork more or less nearly opposite Harlan, as on the Cumberland 
Kiv«-r -ide it i^ dipping into the hill. Considering the elevation of the Harlan 
^vjal. whi^'h i.-* the principal coal here, it is possible that it could be reached at 
it*? low<**t fxiint by menus of low- level drifts carried in from Ages or English 
< ni*-k- or Middh'ton Branch farther east. 

STRATIGRAPHY. 

In thi/? H'gion, in contrast with the one last described, the lower portion of 
tii<- ^tratigraphic column has been mainly depended upon for the correlation of 
th*- strata in th^ various |)ortions of the field. The key rock in this case has 
\m^*-u xhtf ^.'awo^iil sandstone. The Cawood sandstone outcrops in a small blutf at 
tlj<- top of th<' \Hfiui immediately north of Harlan; from there it can l)e traced 
up r*l<>ver Fork, wlien* it makes very prominent cliffs 100 feet or more high 
l^iUjw Kitt- Branch and opposite Lick Branch; it passes below stream level above 
Jon<f^ <!ri*A'k, In like manner it can be fairlv well traced around to Poor Fork 
and alofj;^ th«- north flank of Big Black Mountain. South from Harlan it is not 
a- dirtiii<t in thi^ an^a on Maitins F'ork as it is below Turtle Creek. It makes 
blutJ^ on Maiiiri!* Fork op[K>sif4» Harlan and at other points along toth banks of 
the fork: it n-a^ h<'^ iM^arly to creek level at several points near Farmers and 
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Sections in Wallins Creek district — Continued. 
ON TERRY8 FORK OF WALLINS CREEK— Continued. 



Stratum. 



Thickness. 



Sandstone, thinly laminated, 
shaly 

Sandstone, gray, hard, flinty.. 

Sandstone, thinly laminated . . 

Shale, drab 

Sandstone, shaly 

Coal 

Sandstone, thinly laminated, 
to fissile shale 



No. on 
map. 



Interval, hidden , 

Sandstone, thinly laminated . . 

Inten'al, hidden 

Sandstone, massive, cross- 
bedded 



Interval, a 5-foot coal reported 
to be at this horizon could 
not be found 



Interval, position of Harlan 
coal 



Ft. 


in. ! 


10 





1 


6 


5 


1 


8 





8 


^ 1 


1 


7+' 


70 





10 





10 





20 





20 





40 





480 




1 



stratum. 



Thickness. 



Ft. in. 

Sandstone 5 

Shale ' 10 

Interval 100 

Sandstone 40 

818 Coal 2 

Interval 50 

Sandstone, massive to thinly 

laminated, Cawood (?) 15 

Shale, drab 10 

Interval 130 

817 Coal 4-h 

Inter\al 30 

814 i Coal, Terrys Fork, tyT)e locality.. 4 

Interval 5 

I 

Sandstone, Yellow Creek (?)... 30 



ON RIDGE BETWEEN EWING AND WALLINS CREEKS ON EWING CREEK SIDE. 
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The section given next to this, on Pi. XXII, was obtained on a trip up Ewing 
Creek to the top of the mountain at Fox Knob, where a number of coal blooms 
occur near the top of the section. The last long section on the same plate was 
obtained on Little Creek of Catron Creek, the top of the section coming at Fox Knob 
and joining the section at the left. The difference in these two sections, particu- 
larly in the prominence of certain sandstones, illustrates very well the variability 
of the appearance of the rocks in outcrop and to a certain extent of the actual 
variation in the rocks. As the two sections are drawn, it is probable that the 
correlations are correctly shown. The lower of the two coals shown in this section 
appears to come at the horizon of the Wallins Creek coal, as that coal is exposed 
on Hobbs Branch and Banners Fork of Wallins Creek. The first massive sandstone 
below it then would appear to come at the .position of the Slater sandstone rather 
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than at the position of the Puckett sandstone, the latter having run out or become 
inconspicuous. The approximate position of the Harlan coal in the lower part of 
the section is suggested by known elevations of the Harlan coal a mile or two either 
side of this section. 

COALS. 
COAL IN MINGO AND IIANCK FORMATIONS. 

Under this heading are first considered the coals above the Puckett sandstone. 
On Sang Branch of Wallins Creek, on the border of this district, Mr. David White 
found a 5-foot coal with three partings 100 feet below the Wallins Creek coal. 
He did not stop to examine it in detail. On Irving Branch of Ewing Creek 
at about the position of the Wallins Creek coal there were found two exposures of a 
40-inch coal (833). Thes'e were not 30 feet apart horizontally, but one of them waa 
30 feet higher than the other. As the coals show the same measurement to an inch, 
it was thought a small fault came between them. No evidence of this fault could be 
found in the rocks outcropping just above. In about the same position on Jesse 
Creek a 38-inch solid coal was seen (754). On Little Ci'eek McCreath and d'Invilliers 
report a small coal as follows: 

" Beneath this [Wallins Creek coal] some hundred feet a lower coal showed 5 
inches on top, 2 inches of bone parting, and 24 inches of bottom doal." 

On Terrys Fork at about this elevation there was found a 32-inch coal (821), 
which showed a top bench of 28 inches separated from a bottom bench of 4 inches 
by 4 ipches of clay. In some cases it was at first thought that this coal, ranging 
from 30 to 40 inches, was the representative of the Wallins Creek coal, especially 
where seen on Terrys Fork, Jesse Creek, and Irving Branch. Fuller consideration 
of the data, however, especially in view of the fact that the Wallins Creek coal 
has been reported to have a thickness of 9 feet on Terrys Fork, and that a 5-foot 
bed has been reported on Sang Branch 100 feet below the Wallins Creek coal, 
have led us to conclude that about 100 feet below the Wallins Creek coal there 
is a workable coal, but it has a thickness so little over the workable thickness 
that its value is questionable. The presence of this coal beneath the thick Wallins 
Creek coal in this district produced a certain resemblance between the manner 
of occurrence of the Smith 11-foot coal and of the 44-inch coal lying below it, 
and was one of the factors rendering doubtful our correlation of the 44-inch coal 
on Puckett Creek with the Wallins Creek coal and of the 11-foot coal with the 
44-inch coal above the Wallins Creek coal on Trace Fork. In this case we have 
been influenced b}' the apparent relationship of the coals to the prominent cliff- 
making sandstones, so that the correlation that has been used is none too certain. 
One or two other coals were found locallv above the Puckett sandstone and 
below the Wallins Creek coal. Of these, one on Ewing Creek (837) gave a total 
thickness of 41 inches, an upper bench of 10 inches, separated by 10 inches of clay 
from a lower bench of 21 inches. Below the Puckett sandstone in this district 
the principal problem was the recognition of the Harlan coal, which is such a 
valuable feature of the districts east and south of this one. Our efforts were not 
successful in finding a coal resembling the Harlan coal in thickness, or in its 
stratigraphic relationship to the rocks above or below it. The position at which 
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we assigned the Harlan coal on the basis of the stratigi'aphy yielded no coal; 
either we were mistaken in the horizon which we correlated as Harlan, or the 
Harlan coal had run out in this district, or it exists and has not been exposed. 
On Forrester Creek a vein 43 inches thick, including a 2-inch parting 15 inches from 
the bottom (744), seems to occur at the stratigraphic position of the Harlan coal. 
Again, on Irving Branch of Ewing Creek at the horizon we assigned as that of 
the Harlan coal, a 7-foot coal was reported as having formerly been exposed, but 
is hidden now. In the districts east and south of this one a thick coal, though 
usually broken up with partings, called the Kellioka coal, lies about 250 feet above 
the Harlan coal. Coals were seen at two or three points in this district which were 
thought to possibly come at the horizon of the Kellioka coal. On Sang Branch of 
Wallins Creek just at the edge of the area (764) from 34 to 36 inches of coal were 
seen in a natural exposure. The top was not exposed, and it was reported that 
the total thickness of the coal here is 51 inches. On the D. F. Noe place, on a 
small branch entering Wallins Creek about one-fourth of a mile above the 
mouth of Banners Fork, Messrs. McCreath and d'Invilliers report a coal 400 feet 
above the creek that shows a total thickness of 4 feet 9 inches. However, the 
thickest bench, the bottom one, is only 2 feet 5 inches thick. Above it is 4 
inches of shale, then 13 inches of coal and shale in 1-inch bands with an 11-inch 
bench of coal at the top. A short distance above the horizon which was 
considered that of the Harlan coal, thin coals were found at several places. On 
the right-hand fork of Wallins Creek this coal showed a top bench 24 inches thick, 
then 14 inches of clay, then 2 lower benches, 2 inches and 3 inches thick, separated 
by 3 inches of clay. The roof here is sandstone (787). On Banners Fork, at 
what was thought to be the same horizon, the coal showed two 13- inch benches 
separated by 8 inches of clay (794). On Camp Branch of Wallins Creek the 
coal at the same horizon shows a 14-inch bench at the top, then a parting of 
3i inches including a 1-inch band of coal one-half inch from the bottom, then 
a bottom bench of coal 14 inches thick (762). At an elevation of about 150 feet 
above the top of what was correlated in this region as the Cawood sandstone 
occurs a coal that in some locations is of a workable thickness. It is typically 
shown in the trail leading from Wallins Creek up Piatt Fork of Terrys Fork 
and over to the Cumberland River. It is plainly exposed in the trail immediately 
above a thin bed of massive sandstone and is overlain by a thick bed of shale. 
At an entry a little to the west it measured 36 inches without partings (827). 
On Hobbs Branch of Wallins Creek what was thought to be the same coal has 
been opened on the James Brunnett place. The main bench gave a thickness of 
29 inches of coal. Sixteen inches above that came a 3-inch bench of coal (799). 
On Irving Brafnch of Ewing Creek (833) apparently the same coal has been opened 
and shows a thickness of 3 feet 4 inches. As on Piatt Fork of Terrys Fork 
(827), it immediately overlies a thin to massive sandstone and immediately under- 
lies a considerable thickness of shales. On the main branch of Ewing Creek 
some distance above the mouth of Irving Branch the same coal has been opened 
and shows a thickness of 3 feet 3 inches (840). This coal was correlated with 
the cannel coal opened upon the Thomas Noe place, a short distance up Banners 
Fork of Wallins Creek on the north bank (791). The coal, however, shows a 
total thickness of only 13 inches of good coal, two benches — the upper 10 inches, 
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and the type locality is on the Adrian Howard place, just below the mouth of Piatt 
Fork of Terrys Fork (818). Quite a number of openings have been made upon the 
coal between the mouth of Piatt Fork and the mouth of Terrys Fork. Where it 
is being mined the coal showed a total thickness of 4 feet, of which the upper bench 
was cannel and the lower bituminous coal. Around the divide between Terrys Fork 
and Wallina Creek, on the Wallins Creek side, on Mrs. L. Howaixl's place, appar- 
entl}' the same coal has been opened, showing a total thickness of coal of 54 inches. 
It is in two benches, as before, the upper bench, 30 inches thick, being bituminous, 
but at this point (812) the two benches are separated b}'^ 14 inches of clay and shale. 
Apparently the same coal is again found on the Cumberland River about 30 feet 
above low-water level, showing a bottom bench 30 inches thick and a top bench 24 
inches thick, though in this case the top bench is much more shaly than at the type 
locality, and a large share of it would be classed as bituminous shale rather than as 
a cannel coal. A little farther up Wallins Creek, above Mrs. Howard's, this coal 
has been opened or faced at seveml points, showing in most of these cases about 
2 feet of coal* (758). It is very close to and finally passes under water level. 
Below the mouth of Wallins Creek on the trail passing over the end of the ridge 
to Jesse Creek, the coal has been opened, showing 32 inches of bony coal in the 
upper bench and 18 inches of bituminous coal in the lower bench (756). This 
last exposure of the coal is so far above the lower creek sandstone, Jis correlated, 
that it can only doubtfully be referred to the same horizon as the coal on 
Terrys Fork. On Terrys Fork another coal a short distance above the 4-foot 
coal shows at several points and at (816) yielded two benches — the lower 14 inc^hes, 
the upper 7i inches —separated by 23 inches of shale. On Wallins Creek a 26-inch 
cannel coal shows about 20 feet above the Terrys Fork coal. The roof of the 
lower of these two coals is usually' a shale, but in many places a sandstone. 
The sandj?tone is very irregular in some cases, sometimes lying immediately upon 
the. coal with a massive thickness of 5 or 6 feet, while a few yards away it has 
entirely feathered out and only shale shows above the coal. The following analy- 
ses of the Terrys Fork coal show the quality of the seam as a whole, and of 
the cannel and bituminous parts sepamtely: 

Analyses of Terrys Fork coal. 





Constituent. 


A. 

Per cent. 

1. 120 

37. 890 

47. 774 

12.800 

.916 


B. 

per cent. 
OAH) 

:k). 10 
42. 40 
26.60 
.084 


r. 


D. 

Percent. 

0.90 

34.30 

62.50 

2.30 

.577 


E. 


Moisture 




JVr cent. 

0.796 

33.364 

35.872 

29.345 

.683 . 

! 


/Vr cent. 
1.252 


Volatile hvdrocftrhons . 


37. 583 


Fixed carbons . 




57.499 


Ash 


2. 270 


Sulphur -- 


1.396 









A. Whole Heam; sample taken in 1902. 

B. Upper or cannel bench: analysis by Peter, sample obtained by R. C. B. Thruston. 

C. Same bench; analysis by McCreath, sample collected by McCreath and d'Invilliers. 

1). Lower bench of bitnmlnous; analysis by Peter, sample obtained by R. C. B. Thruston In 1887. 
E. Same bench; analysis by McCreath, sample obtained by McCreath and d'Invilliers. 
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total, J) feet. The roof h of shale. A small 2-irfch parting of splinty coal occur« 
alK)ut 6 inches above the tire clay, but its presence seems to have added but little 
if any to the percentage of ash as shown in the analyses of the coal from this place. 
Analyses of this coal and two samples of its coke were obtained b}- Mi*. 
Thruston at the head of Wallins Creek, and, though out of this <listrict, will be 
included here to give a preliminary idea of the value of this coal as a coking 
coal. The section reported by him yielded a top bench 71 in(^hes; coal and shale, 
15 inches; clay, 7 inches; coal, 5 inches. On Sang Branch again this coal shows 
a ver5' similar section to those already quoted. On Forrester Creek, the coal 
apparently at this horizon gives a total thickness of over 6 feet. It is rather 
badly broken up by partings, so as to be doubtfullv workable. It shows a top 
bench of M inches, then li> inches of clay, 8 inches of coal, 3 inches of bone, 12 
inches of coal, 5 inches of clay, 4 inches of coal. There is a total of less than 5 
feet of coal, and 34 inches is the thickest bench that could be worked. Over the 
coal is from to 18 inches of shale below sandstone. Judging from the sections 
seen and those (juoted on Little and Terrys branches, it would appear that this coal 
should, be workable over nearly all of this district within its outcrop and over a 
large share of the district should present a single workable l)en(*h from 6 to 7 
feet thick, not taking into consideration the bottom 12 to 15 inches below the 
tire-clay parting. The following analyses will give some idea of its quality, though 
in the case of the sample obtained in 1902 and that obtained by Messrs. McCreath 
and d'lnvilliei's in 1888 the coal was very much weathered, yielding a high 
percentage of moisture and thereby reducing the percentage of combustible matter. 
The first of these analyses is by McCreath from a sample obtained in 1902 of coal 
on Hobbs Branch; the second analysis is by McCreath from a sample obtained bj^ 
McCreath and d'Invilliei-s near the head of Terrys Fork; the third is by Rol>ert 
Peter from a sample by R. C. B. Thruston of coal from the Milton Hensley 
place near the head of Wallins Creek. The fourth is of 48-hour coke made from the 
coal procured for the third analysis. The fifth analysis is of 72-hour coke made from 
the same coal; the last two analyses are by Peter. 

Ana'yaeM of Walihu* Creek cfHil in Upfier Pnrketf <1htrUt. 



C/Onstltuent. 



I JVr cent. 

Moisture ' 12. 674 

Volatile hydrocarlK^iin " ! 29. 3(W) 

Fixed carlxm ! 48. 8a5 

Ash I 7. two 
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4.004 
aO. 17(> 
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.(>19 
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Prr cent. 
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2.20 






36. 70 


.60 


0.90 


58.86 


93. 10 


92.90 


2.24 


6.;k) 


6.20 


.277 


.546 


.368 



This coal, as shown by the above analyses, is low in sulphur, probably high in 
ash, and contains on a fresh (»xposure probably a good percentage of combustible 
matter. It should therefore make a good steam coal, and from the analyses of the 
cokes given may yield a good coking coal. The sample obtained m 1902 was too 
badly weathered to coke at all. The cokes, of which analyses are given, are 
described as appi^jiring to be good, tirm, dense cokes. 
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COALS OF HIGNITE FORMATION. 

Several coal blooms were seen on the flanks of Fox Knob in this formation. 
Of these, one (847) showed a heavy bloom suggesting the presence of a thick coal. 
The uppermost of these outcrops (844-845) was seen at three places, suggesting a 
persistent and possibly important coal. On the whole, these coals underlie such 
small areas as to be of little importance, oxen if of workable thickness. 

SUMMARY. 

Sum mar 1/ of coals of Wallins Creek dlgtrict. 

Number of coal beils found 30=b 

Total thicknesF of coals feet . . 20-:^4- 

Number of coal be<ls of workable thickness 6db 

Average thickness of principal workable coals feet. . 'A and 6 

(Greatest thickness of single coal bed measured do 8 

Greatest thickness of <'oal measured in single bed do 7J 

Estimated available tonnage of district tons. . 50, 000, 000 



Wallins Creek. Other coals. 



Approximate elevation feet above tide. . 

Thickness: 

Greatest feet . . 

Average do 

Ijeast ' do 

Average thickness of workable coal do 

Number of measurementfl 

Area of seam acres. . 

Total coal per acre tons. . 

Available coal per acre do 

Coal available in district do 



2,500 



I 



9 I. 

Si ,. 

7i^. i- 

3,000 I 

13,000 j 
8,000 

24,000,000 i 



3-f- 



6,000 

5,000 

4,000 

24,000,000 



STRUCTURE. 

This basin is crossed near the center b}' the axis of the syncline. It crosses 
Forrester Creek well down toward the mouth approximately near the bench 
mark, 1,185 feet on the map. On Wallins Creek it crosses a short distance below 
the mouth of Camp Branch; on Ewing C'reek about at the mouth of Irving Branch. 
On Wallins Creek to the north of the axis there is a sharp dip for a short distance 
showing in the shale and then to the mouth of the creek the rocks are approxi- 
mately horizontal, though showing some local minor dips of some sharpness. 

To the south of the axis of the syncline the dip keeps the rocks on Wallins 
Creek at just about the same vertical distance above creek level. Above Sang 
Branch the rise appears to be greater than the rise of the creek bed in going 
southward. On Ewing Creek south of the axis the rise appears to be quite sharp. 
The comparison of two sections from the creek to the crest of Wallins Ridge 
indicated, according to barometric readings, a dip to the south rather than in the 
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opposite direction. Whether this difference is made up by faults, or whether there 
is an actual twivsting of the rocks between the line of the creek and the line of 
the crest, or whether it was due to variation in barometric readings, could not 
be determined. At the mouth of Hobbs Branch the dip is to th6 east. At the 
mouth of Camp Branch the dip is quite strongly to the west, giving the appear- 
ance of an anticline along the valley of Wallins Creek. In general the dips are 
not very marked, with the result that the elevation of any coal or any sandstone 
layer does not vary much between the Cumberland River and the south limits of 
the district, in most cases probablj' not more than 100 to 300 feet at the outside. 

HARL.AK DI8TUICT. 

OEOORAPHY. 

This district includes portions of Big Black and Little Black mountains and the 
lower end of Ewings Spur. The mountains of this district are of the same 
general type as in the two districts last described. The coal of this distnct can 
be readily gotten at from Cumberland River or from any of its three forks. The 
coal in Big Black Mountain unfortunately dips into the mountain from both Poor 
Fork and Clover Fork sides* Were it possible to work this coal in a single 
body, it probably could be entered best from the extreme we«stern end a short 
distance above the mouth of Poor Fork toward Harlan. The coal on Little 
Black Mountain can probably best be worked from Clover F9rk, toward which 
it dips in the neighborhood of Harlan, though farther eastward there is a dip 
toward the east, making it desirable to attack the coal in that part of the 
mountain from Jones or Yocum creeks. The southern edge of this district lies 
nearly flat so that there the coals could be reached from the tributaries of Mar- 
tins Fork. The coal in the end of Ewings Spur can possibly best be reached 
from Martins Fork more or less nearly opposite Harlan, as on the Cumberland 
River side it is dipping into the hill. Considering the elevation of the Harlan 
coal, which is the principal coal here, it is possible that it could be reached at 
its lowest point by means of low- level drifts carried in from Ages or English 
creeks or Middleton Branch farther east. 

STRATIGRAPHY. 

In this region, in contrast with the one last described, the lower portion of 
the stratigraphic column has been mainly depended upon for the correlation of 
the strata in the various portions of the field. The key rock in this case has 
been the Cawood sandstone. The Cawood sandstone outcrops in a small bluff at 
the top of the point immediately north of Harlan; from there it can be traced 
up Clover Fork, where it makes very prominent cliffs 100 feet or more high 
|;>elow Kitts Branch and opposite Lick Branch; it passes below stream level above 
Jones Creek. In like manner it can be fairly well traced around to Poor Fork 
and along the north flank of Big Black Mountain. South from Harlan it is not 
as distinct in this area on Martins Fork as it is below Turtle Creek. It makes 
bluffs on Martins Fork opposite Harlan and at other points along lK)th Imnks of 
the fork; it reaches nearly to creek level at several points near Farmers and 
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COLUMNAR AND COAL SECTIONS, HARLAN DISTRICT. 

Sc«l««: Columnar »«ction», 1 inch = 300 feet; coal tectiont. 1 inch -^^ 5 feet. (For Harlan coal No. 9 tee Pi. 25, p. 160.) 
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As the rocks along Poor Fork in many cases have dips of 30^ to 40^, it 
has been found a little difficult to correlate the different sections, so the abov^e 
general section is largely hypothetical. The section from the 26-inch coal to 
the Harlan coal was mainly obtained from Little Lick Branch of English Creek, 
except that the Kellioka coal, if exposed at all in this section, is represented by 
a 2-foot coal. The exposure there is clean, showing mainly sandstones. 

On Clover Fork no high dips are met with and the section can be compiled 
with much more certainty. The intervals between most of the members and the 
thicknesses of the coals found are as follows: 

Skeleton section of upper members and coals on Clover Fork (compiled). 

Ft. In. 

Sandstone, Reynolds 70 

Interval 1 120 

Sandstone, coarse grained, Jesse 40 

Interval, computed 220 
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coal, which locally is of good workable thickness; and the Harlan coal, which 
alone makes this region one of great promise. Below the Harlan coal were seen 
a few outcrops of coals, which in one or two places were of workable thickness. 
In this ^nd in the Martins Fork and Upper Puckett districts the Harlan coal 
has been traced almost continuously by openings where sections can be measured, 
usually not over 3 or 4 miles apart. 

COAL OF IIANCE FORMATION. 

In this district almost no coal of workable thickness was found below the 
Harlan coal. The best exposure was on Clover Fork, nearly opposite the mouth 
of Jones Creek (1176). The coal here showed a thickness of 80 inches, with a 
shale roof. A large number of points gave coals of from 1 foot to 18 inches. 
On the whole, the evidence did not ))ear out the idea that in the presence of the 
Harlan bed any of the coal below will be worked or may be considered as 
workable. 

COALS OF MINGO FORMATION. 

HARLAN COAL. 

For a type locality of this coal bed we may take the Oreen Jones bank, or 
the Baker and Cornett, or the G. A. S. Kelly banks, all of which are just across 
Clover Fork from Harlan and all of which are upon the same seam. At the 
Green Jones bank (1162) there are several old openings from which the coal has 
been worked for some time. The coal shows an upper bench of from 3 feet 
10 inches to 4 feet 4 inches. This bench alone is worked. Seven inches lower, 
the parting being shale, is a lower bench which runs from 12 to 14 inches thick. 
Over the coal is 1 inch of shale, then 1 inch of bony coal with shale roof above ; 
5 or inches of the rot)f is draw slate, which does not always come down ; 
5 feet above the coal are 12 feet or .more of massive sandstone. The lower 
l)ench would be taken out in entries. On the Baker and Cornett place (1164), 
which is ))ut a short distance from the former, the coal shows almost exactly 
the same conditions of thickness and parting. The parting here is soft clay: the 
roof (shale) is 10 feet thick and good. A few inches tend to come down in 
spots. It is said that onl\' an occasional plate of pyrite is met with in the mine. 
The floor is hard. At the G. A. S. Kelly opening (1165) the top bench is 4 
feet 3 inches thick, the clay parting has thickened up to 13 inches, and there is 
14 inches of bottom coal. The top 3 inches of coal is dr}' and splintv: above 
the coal are 6 inches of black shale, and from 1 to 2 inches of coal, 6 inches of 
black shale, and 4 feet of clay shale to the ])ottom of a massive sandstone. 
The lower bench here is not mined. The coal is reported very hard, being shot 
on the solid as a rule, it is sometimes undercut for a foot or two. Butts run 
S. 4<>^ W. The roof is a soft, spongy shale, which tends to fall on weathering. 
It has generall}' been believed in this region that about 100 feet lower is another 
coal 4 feet thick. This belief seems to be based on the fact that on the north 
side of Clover Fork the Harlan coal has no bottom bench, or else the bottom 
bench is so far separated from the main bench as not to be distinguished, while 
the general dip into Big Black Mountain has carried the coal 100 feet lower. 
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feet above was a G-foot coal, with 8 inches of shale 4 feet from the top. This 
was said to be the (xreen Jones coal. We are inclined to think again that this 
was purely an inference from the supposed relationship of the Harlan coal as 
exposed on the two sides of Clover Fork. It has 20 feet of shale above and 
50 feet of massive sandstone beneath. One opening on this coal was found on 
the nose of Ewing Spur, which extends into this district (1233). The coal here 
showed a thickness of 4:6 inches without partings, and has a sandy shale roof. 
It is approximately 430 feet above Cumberland River. On the north side of 
Clover Fork the tirst opening above Harlan is on the Turner place (1198). The 
coal shows a thickness of 4 feet without partings; the roof is composed of 10 
feet of clay shale overlain by massive sandstone. Below the coal are from 8 
to 18 inches of clav and sandstone, indicating that the lower bench on the 
south side of Clover Fork is entirely wanting here. The coal is approximately 
250 feet above the Cawood sandstone; it agrees in this respect with the coal at the 
Green clones opening, and at most of the openings seen in this and the two districts 
next described. 8eveml openings made at this point show that the coal dips 
rapidly to the northwest into Big Black Mountain. Between the extreme openings 
there is a dip of probably 40 feet, and the northernmost entry had to be abandoned 
on account of the water accumulating at the face. In the next ravine to the east, 
in an opening on the James Huff place (1188), the coal shows a thickness of 46 
inches, including 1 inch of bone and coal 3 inches from the top. There are here 
only 3 inches of shale between the coal and the massive sandstone roof. On the 
Sherman Farmer place (1185) this seam shows 4 feet of solid coal with shaly sand- 
stone roof. The roof appears to be hard, though from 1 to 6 inches come down 
in the entry. The floor is drab tire clay, appearing to be soft where wet. The 
coal at this point is lowered to the road by a chute having 370 feet vertical fall. 
On the Jesse Gilbert place (1183) the coal is 4 feet 2 inches thick without partings, 
and is immediateh- overlain by 25+ feet of massive sandstone. There is about 
50 feet of massive sandstone close beneath ic. Traces of coal were found about 30 
feet below which suggested the possibility that the lower bench on the south side 
of Clover Fork might have become separated from the main bench by that distance. 
On the Harris place (1181) 3 feet 4 inches of coal were seen, the bottom not being 
exposed. There are here 2 feet of clay shale between the coal and the shaly 
massive sandstone above. Two openings have been made on Ages Creek. At 
the Lloyd Ball opening (1197) 42 inches of coal were seen, over 8 inches of tire 
clay, and 15 feet of shale. At the John Grill place, on the left-hand fork (1198), 
the seam showed 45 inches of coal over 7 inches of badly weathered splinty coal; 
3 feet of shale come above the coal, and 8 inches of cla>' come between the coal 
and the sandstone floor. At the W. M. Smith place (1180) the coal shows a thick- 
ness of 4 feet 3 inches with 2^ inches of bone 7i inches from the top. The roof 
here seems good, being composed of 4 feet of shale under a brown sandstone; 3 
inches of it may come down, and the 6 inches above that has a clay streak at the 
top that in places may soften letting that additional 6 inches down. The floor is 
a blue clay and solid. The coal in Ihe mine appears dry, l)right, and tine. The 
faces run N. 35"^ W. On the Sam Middleton place (1179) the bed has a total 
thickness of 4 feet 8 inches, but here shows two partings, a 1-inch parting 14 
. 41— No. 49— Otj 13 
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As the rocks along Poor Fork in many cases have dips of 30^ to 40"^, it 
has been found a little difficult to correlate the different sections, so the above 
general section is largely hypothetical. The section from the 26-inch coal to 
the Harlan coal was mainly obtained from Little Lick Branch of English Creek, 
except that the Kellioka coal, if exposed at all in this section, is represented by 
a 2-foot coal. The exposure there is clean, showing mainly sandstones. 

On Clover Fork no high dips are met with and the section can be compiled 
with much more certainty. The intervals between most of the members and the 
thicknesses of the coals found are as follows: 

Skeleton section of upper members and coals on Clover Fork (compiled). 
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SECTI0N8 OF HARLAN COAL AND COLUMNAR SECTIONS, HARLAN DISTRICT. 

Scales: Columnar sections, 1 inch r-i 300 feet; coal sections, 1 inch ^^^ 5 feet 
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Interval . 
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Interval 60 

Sandstone, Cawood 20-100 

Interval, shale 240 

Sandstone in bed of Clover Fork at Harlan 

The following detailed section will give a better idea of the rocks immediately 
above and below the Harlan coal. It was obtained in the Bakers Branch of Clover 
Fork just southeast of Harlan: 

Section in Baker Branch. 



Ko. on 
map. 



12:55 



Stratum. 



Sandstone, massive 

Interval, hidden 

Clay shale to sandy shale. 

Shale, black 

Coal 

Clay, drab 

Coal 
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I Sandstone, 
l>edde<l . . 
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The section farther up Clover Fork, about opposite the mouth of Jones Creek, 
will give details from about the bottom of the last section for a short distance below. 

Serliim (tn Onver Fork opposite JoncK Creek. 



No. on I 
map. ' 



Stratum. 



Thk'kne.sM. 



I Ft. in. ' 

Sandstone, massive 40 | 

Shale 80 j 

Sandstone, massive 4 j 

Clay shale, drab 6 I 

Coal ' 1 7 I 

Interval, hidden 4 O' 



No. on 
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Stratum. 



Clay shale, light dral) 

117H , (\)al 
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\i\)i crMHKKLANI) OAP COAL KIKLD, KENTrCKY. 

T\u* siM'lioii from tli«» (jiwo(hI MamlHtom; down i- w#?ll f*xpoi?cd in the point 
of tln^ nnm> jn^t north of lliirliin. At that jKiint if is a-* follows: 

Sfi'tion north nf llnrhiii. 

Ft. iij. 

Siii(lf4t4itic, yt'llow rmiyHivi', (.'hwxmI 5<"> 

Shall', H«»ft. lirowii, niririiinr irit/> HiiruiHtom* towanl th«' top 150 

Sliulo, <lral» 40 

SliiiU', hlark with thin platen of roal 3 

(\.al 4 

(;lay, <irah 4 

Shalo, bine, to I larlaii roa<l '.\ 

T\w top of the sandstoiH; supixjswl to be the Yellow Creek sandstone shows 
about IJO feet lower down. The compiled section of Martins Fork, Turtle Creek, 
and other branches is as follows: 

Sktleton mction on yfarihm Fork and Turtlr ('rffk (t-onifJioI). 

Vl. iv. 

SaixiMtoiie, KeynohlH 20— U 

Interval i:iO 

SandHtone, Jesne liO 

IiiUTval 280 

Coal, WalliiiH ('rt»ek 5 

Int^Tval 420 

(\>al, ( ViH-h (?) 2 9 

Interval 200 

(\>al, Kellioka 2-8 

Interval 280 

(\ml, Harlan 4-7 

Interval 20 

Onil 1 6 

Interval •. 140 

Coal 1 

Interval . . . .' 100 

Coal 1-2 

Samlntone, Cawood iH) 

COALS. 

On account of the* excellent character, good thickness, and low position in 
the mountains of the Harlan coal there has been little incentive in this and the 
Martins Fork and Upper Puckett districts to explore for the higher coals. All 
of the pnvsent possible needs can be met from the Harlan coal, which usually 
occurs low enough in the hill to en^ible it to be readil}' hauled out. As a 
consequence very few facings have been mtule on the higher coals, and unfor- 
tunately few places were found in this district where the higher coals were 
naturally ex|K)sed in the stream beds, so that our knowledge of these coals is 
verv fni^mentary and may or may not give an idea as to the actual coal content 
of the mountains. From tlie economic standpoint there are four coals, or 
possibly a fifth, which are or may prove workable — the Wallins Creek coal, 
well up in the mountain top; a coal which may b<», the representative of the 
Creech coal of Jackson Mountain, although it is much thinner here; the Kellioka 
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A. HARLAN COAL AT KELLY MINE, BAILEYS BRANCH OF CLOVER FORK. 




B. HARLAN COAL IN MARTINS FORK DISTRICT. 
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coal, which locally is of good workable thickness; and the Harlan coal, which 
alone makes this region one of great promise. Below the Harlan coal were seen 
a few outcrops of coals, which in one or two places were of workable thickness. 
In this and in the Martins Fork and Upper Puckett districts the Harlan coal 
has been traced almost continuously by openings where sections can be measured, 
usually not over 3 or 4 miles apart. 

COAL OF HANCE FORMATIOX. 

In this district almost no coal of workable thickness was found below the 
Harlan coal. The best exposure was on Clover Fork, nearly opposite the mouth 
of Jones Creek (1176). The coal here showed a thickness of 80 inches, with a 
shale roof. A large number of points gave coals of from 1 foot to 18 inches. 
On the whole, the evidence did not bear out the idea that in the presence of the 
Harlan bed any of the coal below will be worked or may be considered as 
workable. 

COALS OF MINGO FORMATION. 

HARLAN COAL. 

For a type locality of this coal bed we may take the (ireen Jones bank, or 
the Baker and Cornett, or the G. A. S. Kelly banks, all of which are just across 
Clover Fork from Harlan and all of which are upon the same seam. At the 
Green Jones bank (1162) there are several old openings from which the coal has 
been worked for some time. The coal shows an upper bench of from 3 feet 
10 inches to 4 feet 4 inches. This bench alone is worked. Seven inches lower, 
the parting being shale, is a lower bench which runs from 12 to 14 inches thick. 
Over the coal is 1 inch of shale, then 1 inch of bony coal with shale roof above ; 
5 or 6 inches of the rot)f is draw slate, which does not always come down ; 
5 feet above the coal are 12 feet or .more of massive sandstone. The lower 
l>ench would be taken out in entries. On the Baker and Cornett place (1164), 
which is but a short distance from the former, the coal shows almost exactly 
the same conditions of thickness and parting. The parting here is soft clay; the 
roof (shale) is 10 feet thick and goo<l. A few inches tend to come down in 
spots. It is said that only an occasional plate of pyrite is met with in the mine. 
The floor is hard. At the G. A. S. Kelly opening (1165) the top bench is 4 
feet 3 inches thick, the clay parting has thickened up to 13 inches, and there is 
14 inches of bottom coal. The top 3 inches of coal is dry and splinty: above 
the coal are 6 inches of black shale, and from 1 to 2 inches of coal, ♦> inches of 
black shale, and 4 feet of cla}' shale to the bottom of a massive sandstone. 
The lower bench here is not mined. The coal is leported very hard, being shot 
on the solid as a rule, it is sometimes undercut for a foot or two. Butts run 
S. 40^ W. The roof is a soft, spongy shale, which tends to fall on weathering. 
It has generally been believed in this region that about 100 feet lower is another 
coal 4 feet thick. This belief seems to be based on the fact that on the north 
side of Clover Fork the Harlan coal has no bottom bench, or else the bottom 
bench is so far separated from the main bench as not to be distinguished, while 
the general dip into Big Black Mountain has carried the coal 100 feet lower. 
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The uppermost openin^^ at which this coal was seen wa.s near Kellioka |K)st- 
office (1218), in the same ravine in which the best section of the Kellioka coal 
was found. The <!oal shows a total thickness of ^M inches, with a 7-inch parting 
2 f(;et from the top, and a 8-inch parting 1 inch from the bottom. The roof is 
shale that is 6 f<»et or more in thickness. In Canoe Hollow of Poor Fork (1208) 
the seam has a total thickness of ♦) feet Z^ inches and occurs in two l)enches, 30 
and 8(1 inches thick, separated by 0^ inches of clay. This is on the John Sargent 



] Area l« n^wn to ^« un>dftriA>n 
^ tjy the Hsriari c<^fl^ 
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Pio. 13.— Map of ITnrlan coal in Harlan. Martins Fork, and rpf>er inickelt district 



plac^e. On the Nolan place (V2o7a)^ u little al)ove the mouth of English Creek 
on Poor Fork, the coal shows a bottom bench of 4-h feet, with l^ inches of 
coal one-fourth inch a})ove, and a thin streak of coal '2^ inches above that. For 
a roof there are 8 feet of shale under a sandstone. On Little Lick Branch of 
Knglish C-reek this coal shows a main bench of 4 feet 4: inches, with 1+ feet 
of coal 2 feet tl inches below (1222). The roof is a siuidy shale 8 feet thick and 
is overlain by sandstone. Some distance* lower down Poor Fork (1202) a poorlv 
faced opening showed 4: feet of solid coal. It was rei)orted at this place that 90 
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inches from the bottom and a 1-inch parting 10 inches higher up. The roof is a 
drab clay shale for at least 6 feet. On the Wright Kelly place on Bailey- Branch 
of Clover Fork (north side of Clover Fork just east of edge of area mapped) 
(1171) the coal has been rained and several sections give a variety of measure- 
ments. There is a main parting of 7 to 12 inches at 19 to 21 inches from the 
bottom. This lower bench in some placets shows an inch of clay 2 inches from the 
top. The top bench of coal carries two partings and is divided into three more 
or less nearly equal parts. The upper bench in different measurements varied 
from Hi inches to 17 inches, the middle bench from 15 inches to 17 inches, and 
the lower part from 9 inches to 14 inches. The partings between these three 
benches are all quite thin, ranging from one-eighth to one-fourth inch. There is 
6 feet of light-di'ab shale between the coal and the overlying massive to laminated 
sandstone. The floor is of cla3\ On the south side of Clover Fork no exposure 
of this coal was seen on Yocum Creek, which empties into Clover Fork just east 
of the area mapped. On Jones Creek one opening (1195) on this coal showed a 
total of 53 inches of coal, including one-half inch of shale at. the top, the coal 
being in two main benches separated by 7 inches of fire clay. The upper bench 
is 25i inches thick, including 1 inch of bone 6i inches from the top. The lower 
bench is 20^ inches thick, including 3 inches of splinty coal at the top. Below is 
1^ inches of shaly carbonaceous clay parting, then 3 inches of splinty coal, a 
knife-edge parting of shale, with 13 inches of coal below. The roof, as far as seen, 
is a sandy gray shale with hard sandstone just above. The floor is fire cla^-, with 
hard sandstone immediately below. On another point in this creek (1193) 26 inches 
of coal were seen which seemed to occupy the stratigraphic position of the Harlan 
coal, being overlain and underlain by a comparatively thick sandstone. On the 
Grabe Turner branch of Clover Fork this coal has been opened on the M. B. Smith 
place (1106). There are here about 40 inches of coal, with 1 inch of bone 4 in(?hes 
from the top. Over the coal are from 15 to 17 inches of clay and shale, the latter 
of which is carbonaceous. From 3 to 4 inches of clay overlie that, with a shale 
roof above. The floor is fireclay. The faces run in a general way northeast and 
southwest. On Kitts Branch Messrs. McCreath and d'Invilliers report this coal 
(1238) as 4 feet 4 inches thick, with 1 inch of bone coal 5 inches from the top, 
with a shale roof. 

The coal at the Kelly, Baker and Cornett, and Green Jones openings has 
already been described. Passing up Martins Fork it is exposed at the Skidmore 
opening (1160). The coal here measures from 3 feet 4 inches to 3 feet 8 inches, 
and is overlain by 20 feet of laminated to massive sandstone. Below is 1 foot 
of shale. It is reported that there are 18 inches of coal below that. On Farmers 
Bi-anch of Martins Fork this coal has been mined on the W. C. Farmer place 
(1142). The coal here measures 4 feet 10^ inches, with 1 foot 6 inches of coal 
reported 1 foot below the main l)ench; below the coal are 2i feet of clay shale with 
20+ feet of shaly laminated sandstone above. The coal here has an actual eleva- 
tion of 1,586 feet above tide. On Osburn Bi-anch the coal has been opened upon 
the I). S. Farmer place (1139). As well as could be measured here, it is 4 feet 
5 inches thick. There is 9 inches of shale here between the coal and the sand- 
stone above. On Turtle Creek (1133) this coal has been opened on the Stephen 
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A. .iHmcH Huff place alx>ve Harlan fllHh). 

B. William Smith place on Clover Fork (1180). 

('. Wright Kelly place on Bailey Branch; Mimple in of the upper In-nch (1171). 
D. Wright Kelly place on Bailey Brain.'h, lower Ix-nch i)f coal (1171). 
K. G. A. S. Kelly place opi>o»«ite Harian (1165». 

F. W. (•. Farmer place on Farmern Branch (lH'ii. 

G. Stephen Onbuni place, Turtle Creek (1133). 

H. I'ennington place neariy opjiowite the mr>uth of Kitt* Branch and Clover Fork. 
I. Ball place on the right-hand branch of Age« Cn*ek (1197). 
J. J. B. Howar*! place on Kltt« Branch (1238). 
K. Green Jonew liank juHt Houth of Harlan (1H12). 

L. J. C. Howard Imnk. 1 mile above Mount PleaHant, pn)l>ably on Kitts Branch (1238). 
M. Skidmore Creek of Martina Fork. iK>ssibly the name as (1160). 

In comparing these analyses with those obtained in districts where active 
mining is going on, it must be rememljered that the majority of these samples 
were obtained close to the outcrop, and the coal in most places is in a more 
or less weathered condition. In some cases, as shown by the high percentage of 
moisture, the coal was very much weathered, and no judgment could be made of 
its (!oking (lualities. As far as the lalK)ratory tests of the coke go, most of the 
recent samples appear to show this coal to produce a fair coke with a tendency 
toward a granular structure. It yet remains lo have actual test made of the 
coal from one of the mines that have been driven back beyond the zone of 
weathering. Only such a test will give a fair idea as to the coke -producing qualities 
of this bed. 

KELLIOKA COAL. 

This coal is named from Kellioka, on Poor Fork. In I^ong Hollow (1212) it 
shows a bottom bench of 43 inches with four thin unworkable ]>enches a})ove; 
5 inches above the main bench is a 4i-inch bench of coal, then over 7 inches of shale 
come 6i inches of coal; 22 inches abov^e that is another 6-inch bench of coal, while 
the top 2-inch bench of coal is 8 inches higher. Above the coal is 5 feet of sandy 
shale with sandstone over that. Only the lower bench of coal can be worked here. 
At the other opening in this neighborhood (1220) the lower bench is 4 feet thick — a 
good bright coal. Above that is 1^ inches of bone overlain by 3 inches of coal and 
another inch of bone with 5 inches of coal above that. Seventeen inches farther up 
is a 3-inch bench. The roof consists of 4 inches of sand}- chip shale overlain by 
thin-bedded shaly sandstone. In this case the workable coal might be limited to a 
48-inch bench unless the streaks of bony coal above prove to be of good enough 
quality not to injure the value of the coal. Oh Fi-ank Branch of Yocum Creek, on 
the J. N. Little place (HOD), just east of the eastern edge of the area mapped, this 
seam shows 47 inches of solid coal. It is there 225 feet alx)ve the Harlan coal. On 
Jones Creek of Clover Fork, on the William Turner place (1192), this coal shows a 
thickness of 45 inches without partings. On another branch of Jones Creek (1194) 
24 inches of coal were seen at this horizon, the lower 6 or 8 inches being splinty. 
Reports and the length of the posts seen indicated that the coal here, all told, was 
5 or 6 feet thick. In the section given — Bakers Branch, on Clover Fork above the 
Baker and Cornett opening — the 32-inch coal occupies about the ix)sition of this 
horizon (1235). On Turtle Creek 270 feet above the Harlan coal a thin coal was 
found on Frank Hawl's place under a sandstone which causes a waterfall in the bed 
of the creek (1128). The main bench of coal here is 26 inches thick; 20 inches 
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above are 6 inches of coal, with a 1-inch parting of black shale 1 inch from the 
bottom. Over the coal are li inches of black shale and 20 feet of sandstone. Until 
more exploitation has been done on this seam it is difficult to say how regular it will 
prove or how large an area of workable coal it will yield. The evidence, however, 
is sufficient to indicate that some workable coal, possibly a large amount, exists at 
that horizon. The following analysis of this coal was made in 1886 from a sample 
obtained ))y Messrs. McCreath and d'lnvilliers: 

Analifi<is of KeUioka coal from ?Vanl' Branch of Yonnn ('reck. 

Per oeiit. 

Mdistiire 1.5*18 

Volatile combustible matter 88. 457 

Fixed carbon 57. .'^39 

Sulphur (i71 

Ash (color, brown ) 1 . 394 

This analysis shows an unusually tine coal at that point, though, as in similar 
cases, it is hardly safe to judge of the average qualit}^ of the coal from a single 
analysis. The ash here is exceptionally low, and the percentiige of sulphur is below 
the average. The lixed carbon is a little above the others. It is said that a prelimi- 
nary coking test of this coal was made in a small brick oven at the mouth of Frank 
Branch, and some remnants were seen by Messrs. McCreath and d'lnvilliers and 
reported by them as of excellent character but. imperfectly burned. Three feet 
from the bottom of the coal analyzed occurred 4 inches of dark-gray splinty coal in 
thin layers, such as in many of our samples is described as bony coal. The analysis 
indicates that in this case at least this splinty coal is equal to the rest of the coal in 
(juality, and probably the same is true in a great many other cases. 

CREECH (?) COAL. 

As indicated in the skeleton sections already given, from 300 to over 400 
feet above the Harlan coal occurs a coal that is slightly thicker than the minimum 
workable thickness. This var3'ing interval leaves it questionable whether the 
various coals so correlated really belonged to the same bed or not. As the change 
in interval corresponds to the somewhat similar change in interval from Little 
Black Mountain toward Poor Fork, it is assumed that there is proba))ly at about 
this horizon at least one coal that may be considered to be over 2 feet thick and 
ranging in places up to 8 feet thick. On Poor Fork this coal showed a thickness 
of 2 feet 2 inches on Little Lick Branch of English Creek (1225). As it is 
immediately overlain and underlain ))y sandstone, it can hardly be accounted a 
workable coal at that point. It there lies 350 feet above the town coal. The coal 
at about this horizon, as found on Jones Creek of Clover Fork, on the William 
Turner place (lllU), shows an upper bench of 36 inches of splint coal, then 
1 inch of bony shale, and 2 inches of clay to 3 inches of coal at the bottom. The 
floor is tire clay, and above the coal there are 4 inches of shaly clay below 5 feet 
of blue sandy shale, with massive sandstone above. On Frank Branch of Yocum 
Creek, at an elevation of 430 feet above the Harlan coal, is a facing of a coal on 
the C. Slemp place (1170). This showed 2 feet of coal, 7 inches of dark-drab clay, 
li inches of coal, 2 inches of dark-drab clay, and 4 inches of coal at the bottom. 
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The roof i^ drab fire clay. AFxive the coal oome 3 inches of black cannelly shale, 
then 10 feet of sandy shale, with 10 feet of shaly sandstone above. On Farmere 
Branch of Martins Fork, at an elevation of 425 feet above the Harlan coal, is a coal 
measuring 33 inches, without partings. It immediately underlies sandstone, and its 
actual elevation is 2,011 feet aV>ove tide (1145^). An anahsis of a sample of this 
coal, obtained at this opening on Farmers Branch of Martins Fork, is as follows: 

Anahjnisf of ('reerh if) rotil on Farmeni Branrh of Martins Fork. 

Per cent. 

Moii*ture 1. 520 

Volatile* <'oiiihiistible tnatter 40. 240 

Fixed carfxm ol.3K3 

Sulphur 1 . 757 

Afih 5.100 

COALS OF CATRON FORMATION. 

WALLIX8 CREEK CX>AL. 

No outcrops of this coal were seen in Big Black Mountain, though its hori- 
zon was thought to have been found on the north side of the mountain at a 
hivel where coal blooms occuiTed at frequent interv^als. These were traced some 
distance in the hope of finding a natural exposure, but without success; the line 
was marked b}- a line of springs. On the north side of Little Black Mountain 
Messrs. McCreath and d'lnvilliers reported this coal as having been exposed in 
Kitts Branch of Clover Fork at an elevation of 1,200 feet above Clover Fork. 
There the section (1237) shows 7i feet of coal, including a 6-inch clay parting 
3 feet 8 inches from the top and a 1-inch shale parting 8 inches lower, with 3i 
inches of coal and bone immediately below that, and a 1-foot shale appearing 
1 foot 2 inches from the bottom. The roof here is shale. The only other 
ex|X)sures on this coal were two openings on the Taylor Low place near the head 
of Turtle Creek. At one of these openings (1126) the coal showed a total of 
61 inches, including a f-inch parting 15i inches from the top, a ^-inch shale 
parting H inches lower, a 1-inch clay parting 3 inches below with a clay parting 
H inches thick 4 inches lower, a 2-inch clay parting 7 inches lower, and still 
lower a i-inch shale parting 4 inches from the bottom. The roof was not 
expos<»d; the floor is fire clay. The butts of the coal run S. 20^ E. The other 
opening (1129) shows a total thickness of 56^^ inches; it shows 1 inch of clay 2 
inche,s from the top, one-half inch of clay 26 inches lower, one-half inch 
of bony coal immediately below that, and 11 inches lower comes a l^-inch clay 
[Mirting, with 1 inch of bony coal 3 inches from the bottom. This coal has an 
actual (»levati()n of 2,443 feet. According to these sections this coal does not 
compare in workability with the Wallins Creek coal in the district last described, 
though a hett^'r knowledge of it may show a large amount of workable coal. The 
quality of this coal is indicated by two analyses — an analysis of the Kitts 
Branch cAm\ sampled by McCreath and d'lnvilliers and an analysis of the coal at 
112i> samphKl in ltM)3. 
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Analyses of Waflins Creek coal. 



1237(Kitt8 1126 (Turtle 
Branch), i Creek). 



Percent. Percent. 

Moisture 7.102 2.910 

Volatile combustible matter 34. 028 i 33. 610 

Fixed carbon 49. 144 45. 195 

Sulphur 846 .765 

^Vsh 8 . 880 I 1 7 . 520 

The sample of 1126 was taken between the top of the lo^-inch bencfi and 
the bottom of the 7-inch bench, so that it includes the f-inch clay parting, 
i-inch shale parting, 1-inch cIslx parting, and l^-inch clay parting. This fact 
doubtless accounts for the high percentage of ash: otherwise this analysis indi- 
cates a good quality of coal. The high percentage of water in the Kitts Branch 
analysis is probabl}' due to the weathered condition ot the coal at the time the 
analysis was obtained, and the high ash in that analysis Mr. McCreath thinks 
may be in part due to the fact that the coal there w^as somewhat mixed with 
mud seams at the outcrop. On the whole, neither of these analyses is to be 
considered as representative of what this bed will yield on an unweathered face 
and where not so badly split up by partings. 

SUMMARY. 

Summanj of coah of Harlan ditirid. 

Number of coal l^eds founrl 18 

Total thickness of coals feet . . 20-t- 

Number of coal beds of workable thickness 2 4 feet 6 

Average thickness of principal workable coals feet. . 4 

Total thickness of workable coal beds do. . . 14 

Greatest thickness of single coal bed measured .do. . . 8i 

Greatest thickness of coal in single bed measured. , do. . . 5 J 

Approximate area underlain by workable coal square miles. . 25 

Available coal in district tons . . 150, 000, 000 

WnlliiiB (!nTk. Kellioka. Harlan. 



Approximate elevation feet above tide. . 2,500 1,850, 1,600 

Thickness: 

Greiitest feet . . 7 8f 

Average do. . . 5/., ' 4} 

I-,east do... 4^^ 2 

Average thickness of workable C(>al do. . . 3A 3J 4 

Number of measurements .'^ 7 27-^ 

Area of seam acres. . 4, 000 5, (HH) 16, 000 

Total coal i>er acre tons. . 9, 000 7, 000 6. 560 

Available coal per acre do. . . 5, (XKV 4, 000 5, 500 

Coal available in district do. . . 20, 000, 000 20, 000, 000 ' 88, 000, 000 
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STRUCTURE. 

The principal structural feature of this district is the syncline running through 
Big Black Mountain. At all points where the rocks on the Poor Fork side of this 
mountain were examined the\' dip to the south. This dip becomes more pronounced 
a> the channel of Poor Fork is approached, so that at many points along the bank of 
Poor Fork it is from 30^ to 40". Southward toward the mountain this dip decreases 
rapidly and probably changes to a north dip under the crest of the mountain. On 
the Clover Fork side the rocks show a corresponding but opposite northward dip. 
This is very noticeable at the Turner opening alread}^ mentioned or in comparing the 
elevation of the Harlan coal on the north side of Clover Fork with its elevation on 
the south side. In the southern part of this district the exact structure is very 
obscure as the dips are very light. Elevations on the Harlan coal in the southern 
part of the district run within a few feet of 1,600 feet above tide. Up Clover Fork 
toward the east the rocks have a noticeable dip, bringing the Harlan coal at the 
eastern edge of the district more than 200 feet below its elevation at Harlan. On 
account of the high dips on the north side of Big Black Mountain the elevation of 
the Harlan coal varies with its distance horizontally from the crest of the moun- 
tain. It is safe to say that most of the streams cross its horizon on that side of the 
mountain at an elevation of about 1,600 feet. English Creek, because of cutting 
near the crest of the mountain, is crossed by the horizon of the Harlan coal at an 
elevation lx;low 1,600 feet, and the elevation of this coal on the projecting headlands 
facing Poor Fork would be much higher. Near Harlan on the north side of Clover 
Fork this coal is a little below 1,600 feet in elevation, probably reaching 1,600 feet 
on the north side of Clover Fork between Kitts Branch and Ages Creek. At Ages 
Creek it is 1k»1ow 1,6<X) feet. Opposite Gabes Branch it has descended to 1,550 feet; 
on Jones Creek of Clover Fork to 1,500 feet; on Bailey Branch of Clover Fork just 
east of the border of the map to 1,460 feet; on Frank Branch of Yocum Creek just 
east of the map to 1,430 feet. From the Skidmore bank of Martins Fork to the 
Osburn bank on Turtle Creek the coal continues at an elevation of almost exactly 
1,600 feet, there being a large area to the south of this where the coal lies nearly flat. 

MARTINS FORK DISTRICT. 

GEOGRAPHY. 

This district lies in the southeast corner of the area examined, its boundary on 
the north running along Martins Fork to the mouth of Turtle, then up Turtle to 
tli<» cn»st of the mountains and along that to the edge of the area mapped. On 
the w(?st the boundary extends along Catron Creek, up Upper Double Bmnch, and 
straight over Martins Fork Ridge to Martins Fork. The valley of Martins Fork 
is the dominant feature, all of the dminage running into that stream. Martins 
Fork ris(»s at the northwest corner of the district, and, after many windings, leaves 
the district at the southwest corner. Ridges and valleys are similar in character 
to tliose of the district last considered, (jrays Knob (3,354 feet) is a conspicuous 
landmark in this district and Grays Knob Spur furnishes the largest bod}^ of coal, 
('rummies Oeek flows in a narrow gorge near its mouth, but where it is above 
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COLUMNAR AND COAL SECTIONS, HARLAN COAL, MARTINS FORK DISTRICT. 

Scales: Columnar sections, 1 inch = 300 feet; coal sections, 1 inch — 5 feet. 
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the horizon of the Cawood sandstone its valley is broad and flat. Above Cawood, 
Martins Fork for some distance cuts an unusually narrow channel, doubtless due 
to the fact that it is cutting through the Cawood sandstone. All of this region 
can be readily reached by railroad transportation either up Catron Creek or up 
Martins Fork and its branches, Turtle Creek, Crummies Creek, Bobs Creek, and 
others. At present there are no transportation facilities in this district, nor are 
any projected so far as known for the immediate future, notwithstanding the fact 
that our knowledge of the coals indicates this to be one of the most valuable 
parts of the field. 

STRATIGRAPHY. 

It is believed that the stratigraphy of this district has been worked out with 
some degree of satisfaction, due to the fact that the Cawood sandstone, which 
has its type locality at Cawood post-office, at the mouth of Crummies Creek, is 
above the main lines of drainage all through this district. It is accompanied by 
the Harlan coal, which lies about 250 feet above it and maintains a more or less 
uniform thickness of about 4 feet. About 250 feet above that again is the Kel- 
lioka coal of irregular, but often considerable thickness. These three horizons, 
which are traceable through most of the district, tie together the stratigraphy of 
the rocks near drainage. In the hilltops occurs the Wallins Creek coal with a 
thickness of 6 to 9 feet, and with sections that in one or two places are so nearly like 
the sections on Wallins Creek as to leave little doubt as to its correlation. Below 
the Wallins Creek coal in this district are two cliff-making sandstones, the upper 
of which is believed to represent the Puckett sandstone and the lower to be the 
Slater sandstone. The Puckett sandstone lies at approximately the same interval 
below the Wallins Creek coal as in Reynolds Mountain, while the Cawood sand- 
stone is nearly double that distance below the Wallins Creek coal. On Grays 
Knob Spur the Slater sandstone is nmch the more prominent. It makes a rather 
prominent waterfall on Mill Branch of Martins Fork and around the headwaters of 
Pounding IVIill Branch of Slater Fork, where it presents a thickness of 100 feet 
in places. Its type locality is on the west side of Grays Knob Spur, and the 
name Slater has been given to it from its occurrence around Slater Fork of 
Catron Creek. The Reynolds sandstone and Jesse sandstone are both recognized 
in this district. The Reynolds sandstone is quite prominent in the Little Black 
Mountain, where, on the ridge between Little Creek of Crummies and Jones 
Creek of Clover, it forms prominent cliffs, and is known as the Pilot Rock. 

On Grays Knob its cliffs are not specially dominant over some of the other 
sandstones. The Jesse sandstone does not, as a rule, develop the characteristic 
coarse-grained conglomeratic facies. Near the headwaters of Turtle Creek the 
surface was strewn with pebbles of this character at about the horizon of the sand- 
stone, but no outcrop of the sandstone itself was* recognized. It is seen in place 
carrying pebbles on the Crummies Creek side of the ridge. At the head of Catron 
Creek again just off from the edge of this district it is quite characteristically 
developed. The Puckett sandstone, while a cliff-making sandstone in this district, 
does not usually appear to be more than 25 to 40 feet thick. The Cawood sandstone 
and the Harlan coal are the kev rocks for this district. 
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The two sections given on PI. XXVII, page 172, are from Gi'ays Knob and Crum- 
mies Creek. The one on Grab's Knob is compiled from two climbs of the Knob 
from Bi>Ks Creek, including the coals found on lower Bobs Creek, certain coals found 
in Pounding Mill Branch of Slater Fork of Catron Creek, and coals and sandstones 
on Mill Creek. Difference in total length of the two sections would suggest errors 
either in the correlation of the rocks or in the barometric iieadings of intervals. 
However, the two sections have been carefully adjusted to the total elevations 
of the mountain tops at the two upper limits, and the level of the basal sandstone 
at Martins Fork. The sandstones at the base of the section are the same, both 
occurring at Cawood, one at the mouth of Bobs Creek and the other at the mouth 
of Crummies Creek. The Grays Knob section is as follows: 

Condensed section on (iraifn Knoh. 

Ft. in. 

Interval, mostly eandstone 400 

Sandstone, Reynolds 50 

Inter\'al 110 

Sandstone, Jesse 70 

I nter\al 80 

Coal, Smith 11-foot, rei)orteil 13 

Interval '. 90 

Ojal, Wallins Cn»ek 9 

Inter\'al 80 

Ojal, Mo^mi 

Inter\-al 40 

CVjal, bloom 

Intenal 45 

Oial 5 

Inter\al 10 

Hanri«tone, I*uekett 30 

Inter\al 140 

Sandfftone, Slater 100-60 

Inter\-al 100 

(JVittl 1 6 

Interval 20 

0>al 1 6 

I n tenal 30 

Coal 5 

Interval 110 

Coal 3 4 

Interval 60 

Oial, Kellioka ^'6 

Inter\'al 220 

Om\, reporte<l 3 

InUTval 60 

(V»al, Harlan 4 

Interval 110 

Coal 1 8 

Interval 140 

Coal 2 9 



a Up to 6 feet. 
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COAL SECTIONS, MARTINS FORK DISTRICT. 

Scale: 1 inch = 5 feet. 
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Ft. in. 

Interval 25 

Coal 9 

Sandstone, Cawood 80 

Condensed aecticni cru Crummies (}reek. 

Sandstone, Reynolds, ** Pilot Rock " 80 

Interval UO 

Sandstone, finely conglomeratic, Jesse 20 

Interval 800 

Coal 3 

Interval 70 

Coal, Kellioka '. 4 

Interv^al 40 

Coal 1 

Interval 30 

Coal 1 

Interval 80 

Coal, Harlan 4 

Interval 25 

Coal .: 1 4 

Interval 110 

Coal 3 6 

Interval 15 

Coal 2-t- 

Interval 70 

Coal 1 9 

Sandstone, Cawood 70 

COALS. 

The principal coals of this district are the Smith 11-foot coal reported on 
Grays Knob, the Wallins Creek coal, which was measured at a number of points, 
a coal above the Kellioka coal, the Kellioka coal, a coal a short distance above 
the Harlan coal, the Harlan coal, and from one to three coals below the Harlan 
coal whose stratigraphic correlations are not entirely clear. 

COALS OF HANCE FORMATION. 

In this district practically all the coals exposed in the Hance formation come 
above the Cawood sandstone. At several points these coals have a thickness of 
3 feet and over, but as a rule it was not possible to correlate any of these over 
any broad horizon, so we can not assert the workability of any of these over any 
large area in the district. It will be convenient to consider them by localities. 

On Catron Creek a coal, which ranges from 18 inches to 2 feet, is practically 
200 feet below the Harlan coal and between two massive sandstones. This coal 
can be traced up Slater* Fork from above its mouth nearly to the mouth of 
Pounding Mill Branch. Below the mouth of Slater Fork it was thought that 
this coal was seen at two or three points. Its greatest thickness showed on the 
west side of Catron Creek, on Enoch Branch, and will be considered under the 
description of the next district. On Mr. G. W. Aeger's land, on Fee Bmnch of 
Catron Creek, a 28-inch coal was found, with a knife-edge of clay 8 inches from the 
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botioiu, at a barometric elevation of 1,435 feet. Over it is inches of shale and 
sandstone (1021a). An analysis of this coal is as follows: 

Anabjsis of coal on George W, Aeger's place. 

Per cent. 

Moisture 1.794 

Volatile hydrocarbons 86. 786 

Fixe<i carbon 57.639 

Ash 2.920 

Sulphur 861 

Other coals less than 1 foot in thickness were seen below the horizon of this 
coal. Two coals were seen on Gra3's Branch; the lower one, 8 inches thick 
and at an elevation of 1,320 feet, appeared to be 50 feet above the top of the 
Cawood sandstone; the other coal, 20 inches thick, was 60 feet higher. On the 
north side of Martins Fork opposite this, coals at probably the same horizons 
show, the upper of which at one point was reported to be 30 inches thick. 

A short distance below the mouth of Bobs Creek, on the Steven Cawood 
place, on the west side of Martins Fork (1029), a coal has been opened at apparently 
the horizon of the lower of the last two mentioned coals. At this point, however, 
it shows two benches, of which the upper is 2 feet 5 inches thick and the lower 
21 inches thick, sepamted by 15 inches of clay streaked with coal. The roof 
here is a dark-drab sandy shale. Below the coal is a drab fire clay. (See PI. 
XXX, A,) Up Bobs Creek this same coal, judging from its stratigraphic position, 
showed a thickness of 2 feet 5 inches (1030). The roof here was dark-blue shale. 
Farther up Bobs Creek (1033) it has been stripped and was reported as 30 inches 
thick. Thirty feet below this and immediately on top of the Cawood sandstone 
is an 8-inch coal, while a 20-inch coal was noted about halfway vertically 
between this and the Harlan coal (1037). On the north or northeast side of 
Martins Fork, nearly opposite the mouth of Bobs Creek (1130a), the coal lying 
immediately on top of the Cawood sandstone appears to have been formerly mined 
a little, though the opening has now fallen in. Farther up between the mouth of 
Bobs Creek and the mouth of Crummies Creek two coals 20 feet apart are seen 
outi^Topping at a number of points (1095-1098), though at none of these points was it 
possible to measure a section of either coal. The lower of these lies immediately 
on top of the Cawood sandstone. Up Crummies Creek the coal immediately above 
the Cawood sandstone shows just where that sandstone runs under the creek (1081). 
This is on the William Browning place and the coal has been mined a little. It 
shows a thickness of only 21 inches and is overlain by 4^ feet of dark-blue shale 
and underlain by 12 inches of fire clay with 3 inches of carbonaceous shale 
below. About 60 feet stratigraphicjilly higher and farther up Crummies Creek 
(1082) two coals 9 feet apart have been opened. The upper of these shows an 
upper bench of 35 inches, then 9 inches of fire clay, 1 inch of coal, li inches of 
shale, and a bottom bench of coal 6 inches thick. Nine feet below, the interval 
being shale, about 2 feet thickness of coal was seen. This bottom bench is 
reported to be from 3 to 4 feet thick. This is on the J. C. Carter place. Over 
the coal is 30 feet of shale. These coals outcrop in the stream bed just above 
the mouth of Little Creek of Crummies (PI. IV, B). On Long Branch of Crum- 
mies the coal immediately above the Cawood sandstone was seen (1081), but 
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A. COAL AT DANIEL BROWNING'S. CRUMMIES CREEK. 




B. COAL AT G. NOE'S OPENING, MARTINS FORK DISTRICT. 



U. S. GEOLOGICAL SURVEY 



PROFESSIONAL PAPER NO. 40 PL. XXX 




A. COAL AT STEPHEN CAWOOD'S BANK. MARTINS FORK DISTRICT. 
View showing opening 20 feet above Cawood sandstone, below the mouth of Bobs Branch. 




B, HARLAN COAL ON STEPHEN FEE'S PLACE. TIMBER RIDGE BRANCH OF MARTINS FORK. 

View showing character of roof. 
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as that includes 12 inches of fire cIrx below the top bench of 19 inches of coal and 
1} inches of shale 1 inch lower, the coal can hardly be considered as workable at 
this point. Here the coal was about 30 feet barometrically lower than at the Carter 
and Giwood bank. Some (juestion has been raised as to whether these arc all the 
same coal, but the resemblance Iwtween the coal sections as well as thoir relationship 
to the sandstones above and below seem to indicate that they are. Several openings 
have also been made on Long Branch of Crummies Creek. On the southwest side 
of the creek, on the John Napier place, the coal has a total thickness of 4 feet and 
1 inch, including a 4-inch jmrting of clay 6 inches from the top; the roof is sandstone. 
On the John Browning place, on the north side of the creek, the upper and lower 
l>enches of coal remain at about the same, but the parting has thickened to about 
23 inches, including 12 inches of carbonaceous fire cW, 2 inches of coal, H inches 
of carljonaceous shale, 3^ inches of coal, and 4 inches of carbonaceous shale. The 
roof here is also sandstone. Other openings on this branch had fallen shut when 
examined. Crossing over to Cranks Creek, openings were formerly made on 
several coals on the G. W. Smith pla<*e. Mr. John R. Proctor rejx^rts the one 
which is considered to be the horizon of the Harlan coal as showing 36 inches of 
coal without partings. On Martins Fork below Smith this coal was seen on Cane 
Branch (1047), where it gave a total thickness of 36 inches, the upper 14 inches 
being weathered and poor. The roof here was shah'. Farther up Martins Fork 
on the ridge on the right of Wilder Branch one-fourth mile from the mouth 
this coal has been opened up on the F. S. Hensle}' place (1056). It shows a total 
thickness of 50^ inches, including 1 inch of cla}' 5 inches from the top and 
one-half inch of lK>ny coal 7 inches lower. The floor here is a blue cla\\ Just 
below Hurst post-office on Martins Fork (1059) this coal has been mined locally 
on the Stephen Pace farm about 200 feet above the valley. The coal shows a 
total thickness of 44$ inches. It has streaks of bone coal ^i inches from the 
top and 2^ inches lower, and bone one-half inch below that. The roof is shale, of 
which from 10 to 12 inches are taken down for head room; the floor is a soft 
cla\'. Considering these sections together, the coal in this district shows an 
average thickness of a little less than 4 feet, nearly all of which in most cases 
can be obtained in mining. It will be noted that in a large number of cases 
the rcM>f is sandstone, or there is only a small thickness of shale between the 
coal and a somewhat massive and thick sandstone bed just above. In most 
cases also there is a thick, fairly massive sandstone close below the coal, which 
may in some cases reach a thickness of from 60 to 100 feet, though usualh' it 
is not over 50 to 60 feet. In most cases where' there are partings these are onl^' 
thick enough to serve to assist in mining, so that on the whole while the coal 
dfKJS not show quite as good sections as in the preceding district, it probably 
<»n be counted upon as workable over the larger part of the area underlain by 
it. The following analyses b}' A. S. McCreath from samples obtained in 1892-3 
wiil give a fair idea of its quality in this district: 
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With the coal ju^t desc-ril^ed on Slater Fork. At thi.s point the upper coal shows a 
thi4:kne?i» of 43 inche-* of bright, partly spiinty coal with thin, irregular partings but 
no regular parting. Under it is a sandy fire clay, and over it 2 feet of shale and 
1 foot of shaly sandstone with H+ feet of shale above. On the John Day place on 
Crummies Crr?ek (lOHS) was seen a 38-inch coal without partings. Over it were 3 
feet of shale to ♦)+ feet of sandstone. The floor is fire clay. The coal is bright 
and grKxl looking. The resemblance of this coal to the coal just described on the 
Benjamin Field place has made it seem possible that it is the same coal rather 
than the Kellioka coal whose horizon would come nearh' to this level. 

COALS OF CATRON FORMATION. 

WAI.I.IXS C'KKEK (OAL. 

The Wallins Creek coal was seen at several openings, probably at enough to 
warrant our asserting that it will yield workable coal at this horizon all through 
the Martins Fork and Graj's Knob ridges. The ridges south of Martins Fork 
aVK>ve Cawood are jirobably not high enough to catch this coal and while indi- 
cations are that it underlies the portion of Little Black Mountain in this district, 
it is not certain that it will prove workable there. The following section of this coal 
measured or reported will show its thickness in this district. On Mahlan or I^wer 
Double Branch of Catron Creek it is opened on the Mahlan Irving place (1003) at 
an elevation a little above 2,500 feet, and shows a total thickness of 7 feet and 
1 inch, including a 12-inch parting of creamy-white fire clay 8 inches from the 
Ijottom. The floor is a drab tire da}'. The roof is composed of 1 foot of dark- 
drab clay shale which ti»nds to come down in mining, being overlain bv 15+ feet 
of light-drab and brown sandy shale. An entr}' has been driven in about 35 feet 
here on the faces, which run southeast and northwest. Supposedly' the same coal 
has been opened on the Millard Farmer place, on the right-hand branch of Rocky 
Branch of Slater Fork of Catron Creek (1010), and at this point the coal has an 
actual elevation of 2,615 .feet. As far as could be measured, it showed a 
thickness of 47 inches with a 2i-inch parting 20^ inches from the top. It is 
reported as f)eing much thicker. The sandstone outcrops a short distance above 
the coal, but neither the roof nor floor was seen. On the (i. F. Fanner place, 
at the head of Farmers Branch of Slater Fork (1022), this coal was opened at a 
barometric ehnation of 2,040 feet, which shows a top bench of coal 15 inches 
thick; then a parting of 20 inches of bone coal and clay, of which the upper 
half is full of <;oal streaks one-fourth inch thick; then 20 inches of coal, including 
a 8-inch band 2 inches from the top, which is soft and is mined. Below that 
are 3 indices of very hard nearly black bone, which forms the floor of the mine. 
Below that is light-yellow fire clay 4 inches thick. The roof is shale 12 feet thick, 
with sandstone over it. It is reported that under the coal exposed in the opening 
are two l)enches, thought to be 15 inches thick, there l)eing reported to be 6 feet 
of coal ruiuiing in the whole seam. The faces run northeast and southwest. At 
this oiHMiing a number of specimens were obtained of Splienopterls tenella Brongn., 
reportt^d by Mr. David White as a type common in the lower Kanawha formation. 
Two measurements were obtained of a very thick coal in different branches of 
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Mill Creek. This coal was supposed to be the Wallins Creek coal. At one point 
the measurement gave a total thickness of 9 feet lOi inches, including a 1-inch 
parting 4 inches from the top and 5i inches of parting 51 inches lower down, 
and a 1-inch parting 4 inches below that (1025). At another exposure the coal 
showed a thickness of 9 feet 5i inches. This showed li inches of bone 5 inches 
from the top, 2 inches of bone 3 feet lower down, 7 inches of clay 14 inches 
below that, with 4 feet of coal in a lower bench, as far as it could be exposed. 
The roof here is a cla}' shale 15+ feet in thickness. At the first of these 
exposures the coal has an actual elevation of 2,482 feet and lies 340 feet above 
a sandstone which makes a waterfall in the creek bed where two principal forks 
of the creek come together. The upper coal in the first opening shows hard 
streaks in the upper bench, while the lower bench is softer, showing some 
brownish streaks with thin plates of bony coal. The two analyses obtained at 
the first of these openings are of the 51-inch bench and of the coal below the 
o^-inch parting. In John R. Proctor's report on this region he gives a section 
of this coal on Little Branch of Martins Fork which almost exactly' resembles the 
section obtained on Lower Double Branch. It ^hows a total of 8 feet 7 inches, 
including a 7-inch fire-clay parting 15 inches from the bottom. Messrs. McCreath 
and d'Invillier's section of the lower of the two coals discovered by them in 
Grays Branch on Grays Knob gave a total thickness of 9 feet 1 inch, including a 
3-inch clay band 28 inches from the top, 11 inches of fire clay 23 inches lower, 
3 inches of shale 11 inches below that, and 2 inches of shale 25 inches from the 
bottom. On Turtle Creek two exposures of coal supposed to be at this horizon were 
found near the head. One of these gave the following section: Coal, 15i inches; 
clay, three-fourths inch; coal, 8 inches; shale, one-half inch; coal, 3 inches; clay, 1 
inch; coal, 4 inches; clay, li inches; coal, 7 inches; clay, 2 inches; coal, 3^ inches; 
shale, one-half inch; coal, 4 inches. The coal is overlain by soft clay and underlain 
by a fire cla}. The sample obtained at this opening included from the top of the 15^- 
inch bed to the bottom of the 7-inch bench, so that it incfuded all told 31 inches of 
parting, probabl}' none of which could be separated in actual mining. The entr}' 
here runs S. 20 -" E. on the butts. The other opening showed coal, 2 inches; clay, 
1 inch; coal, 2() inches; cla}', one-half inch; bony coal, one-half inch; coal, 11 
inches; clay, li inches; coal, 13 inches; l)ony coal, 1 inch; "Coal, 3 inches. This 
opening has an elevation of 2,443 feet. Both openings are on the Taylor Low 
farm. Aljove the coal numerous fragments of coarse grit occurred which are 
supposed to have come down from the Jesse sandstone. These were followed up 
the hill, but no ledge in place was found. They appeared to come from about 
300 feet a})ove the coal, a fact which suggested the presence of the Jesse 
sandstone at that height above the coal, and at an interval which corresponds 
closely with the interval between the Wallins Creek coal and Jesse sandstone in 
the Wallins Creek district. 
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drab clay sliale with a thickness of over 10 feet. The coal is here about 15 feet 
above the creek bed. On Little Branch of Martins Fork, just north of Grays Knob, 
the coal is seen in the bed of the branch and also in a mine on the Smith place. Its 
elevation is approximately 1,595 feet (1101, 1102). The coal at both places measures 
from 3 feet 3 inches to 3 feet 5 inches thick without partings. The roof is brown 
shaly sandstone. Below is 1.H+ inches of light-gray tire clay. In the creek bed 
there are above the coal 8 feet of shale with 30 feet of laminated sandstone above 
that. On Turtle Creek this coal has already been described at the Stephen Osburn 
opening. It makes even a better showing at the Henderson Fee opening in the nose 
of the hill between the right and middle forks (1129). The coal shows an upper 
bench of 4 feet 6 inches with a hard bony parting 2 fei^t 1 inch from the bottom, 
then })elow from 3 to 4 inches of clay is a 6-inch bottom bench of coal. Over the 
coal is 3 feet of light-drab shale with sandstone above. In mining it is found 
advisable to leave the top 3 inches of the coal as a roof. At some points a 
number of thin clay partings break the coal up mther l)adly. On the right-hand 
fork of Turtle Creek, at an elevation of 1,612 feet, the same coal is partly exposed in 
the bank beside the stream bed. Two feet 6 inches were seen overlain by sandstone. 
As at the Stephen Osburn place a 15-inch bench of coal occurs about 15 to 20 feet 
below the principal coal; at this point being found beneath a hard sandstone that 
produces a small rockhouse or fall in the bed of the stream. On Bobs Creek the 
Harlan coal was seen at two places, both on the W. S. Hensley farm. In Grape- 
vine Hollow (1035) the coal shows a total thickness of 4 feet, with one-half inch of 
hard coal 5 inches from the top, with from one-fourth to one-half inch of clay 2 
feet lower, and a i-inch streak of pyrite 13i inches from the bottom. On the 
north side of the creek it shows a total thickness of 4 feet 7 inches, including a thin 
parting 33 inches from the top and a 2-inch parting 2 inches lower (1036). At the 
tirst place the roof is a laminated sandstone 10 feet or more in thickness; the floor is 
clay. At the second place the roof is of shale. On (^runnnies Creek a number of 
openings have been made upon this coal. The tirst of these, on the north side, is on 
the Daniel Browning place (1094). The coal shows a total section 5 feet 1^ inches 
thick, including 4 inches of shale 15^ inches from the bottom. The 42-inch upper 
bench is partly splinty. Over the coal is 8 feet plus of sandy shale. Twenty feet 
or more of sandstone outcrops immediately below. On Little Creek of Crummies 
(1091) the coal at one point has been mined and reported as from 5 to 6 feet thick. 
On the J. C. Carter place (1083), on the main creek, the coal shows a total thickness 
of 44 inches, but includes two partings. The upper is 3 inches thick, the lower 2^ 
inches thick 13 inches from the bottom. The top of the upper bench of coal was 
not seen here; the floor is Are (»lay. On the Carter and Cawood land (1084) is a coal 
which, though at an elevation of 90 feet higher than the last, has been thought to 
be the same coal. It shows 41 inches of coal with a 3-inch parting of carbonaceous 
shale 19i inches from the top. Over the coal is 20 inches of Are clay with streaks 
of coal from 1 to 2 inches thick 8 inches from the top. Above the fire clay is 12 
feet of sandstone. On the G. W. Thomas place (1085) the coal resembles the coal 
on the J. C. Carter place in having two partings with a 1-inch band of coal in the 
middle, and it resembles the coal at the last place in being overlain by fire cla}' 
with massive sandstone above. It shows a total thickness of practically- 4 feet, but 
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as that includes 12 inches of tire clay l)elow the top bench of 19 inches of c-oal and 
li iocbe?* of >hale 1 inch lower, the coal can liardly be considered as workable at 
thi- p>>int. Here the coal was alK)ut 30 feet barometrically lower than at the Carter 
an-1 C'awood bank. Some question has been raised as to whether these are all the 
suEr- coaL l^Hil the resemblance l^etween the coal sections as well as their relationship 
t<» trw sandstones above and below seem to indicate that they are. Several opening 
hfcv*- *!••> ^leen made on Lonj( Branch of Crummies Creek. On the southwest side 
oi \h*T crwfk, on the John Napier place, the coal has a total thickness of 4 feet and 
I lith. io'-ludin^ a 4-inch parting of clay 6 inches from the top; the roof is sandstone. 
^Hk it^ John Browning place, on the north side of the creek, the upper and lower 
Vi*^rlj*fs of c-rjal remain at al>out the same, but the parting has thickened to about 
255 3wfa*r>, in«'ludin|( 12 inches of carbonaceous tire clay, 2 inches of coal, 1^ inches 
'/f *aHj'/ria^-e'>u^ shale, 3^ inches of coal, and 4 inches of carl>onaceous shale. The 
f^A bfrre is al>^> fiiandstone. Other openings on this branch had fallen shut when 
*rXMrsiiti*rtL Crr/ssing over to Cranks Creek, o[)enings were formerly made on 
^rY*fTMl trifSiU on the (i. W. Smith place. Mr. John R. Proctor reports the one 
'riikJi i* ry/n^idered to lie the horizon of the Harlan coal as showing 36 inches of 
*joaJ irjtb'^ut [iartings. On Martins Fork below Smith this coal was seen on Cane 
hr%t¥:h 0047;. where it f^ve a total thickness of 86 inches, the upper 14 inches 
^^jfjjf wtiSLihert^l and \HH)r, The roof here was shaly. Farther up Martins Fork 
^/fi tfa^ ridjr*^ on the right of Wilder Branch one-fourth mile from the mouth 
thU *:^fn\ lia»^ Ut^ffi ofx^ied up on the F. S. Hensley place (1056). It shows a total 
thj^rkrie^ of .^li inches, inc'luding 1 inch of clay 5 inches from the top and 
^/f*«"half inch of lK>ny c^ml 7 inches lower. The floor here is a blue clay. Just 
►^low Hurnt jiOst'oWice on Martins Fork (1051^) this coal has been mined locally 
//fi th<' Stephen I^wje farm about 200 feet alx)ve the valley. The coal shows a 
VAsi\ tliickneHH of 44S inches. It has streaks of bone coal ^k inches from the 
Uf\t and ^4 inches lr>wer, and bone one-half inch below that. The roof is shale, of 
w\tu:\i from lo U) 12 inches arc taken down for head room; the floor is a soft 
/'lay, (>in*»idering these scictions together, the coal in this district shows an 
av^^ra^e thickneHs of a little less than 4 feet, nearly all of which in most cases 
41HU \f*'^ obtained in mining. It will be noted that in a large number of cases 
the rtuft U MundMti>tM% or there is only a small thickness of shale between the 
4'jn\ and a nomewhat massive and thick sandstone bed just above. In most 
/^*H#f-» H\^f then; is a thick, fairly massive sandstone close below the coal, which 
u%ny in >*/ifne casi's reach a thickness of from 60 to 100 feet, though usually it 
M not over f/O to 6i> feet. In most cases where' there are partings these are only 
thi^^k enotigh to serve to assist in mining, so that on the whole while the coal 
f\*f",i^ not nhow i\\\\U* as good sections as in the preceding district, it probably 
/'an U; c/mnted upon as workable over the larger part of the area underlain by 
it. The following analyses by A. S. McCreath from samples obtained in 1892-3 
wiii give a fair idea of its (juality in this district: 
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Anali/n€8 of Harlan coal in Marlins Fork diMlrirt. 



Constituent. A. 

I PrVVHtt. 

Moisture 1 . 502 

Volatile hydrocarbons ! 37. 518 

Fixed carbon 55. <>48 

Aftth ' 4. aSO 

Sulphur I .702 



A Frank Irving place on Sl:iter Fork (1011). 

B. W. S. Hensley place in Grapevine Hollow of Bobs (^reek (1035). 

C. John Napier place on Long Branch of Crummies Creek (107S). 
1). F. S. Hensley place on Wilder Branch of Martins Fork (1056). 
E. Stephen Pace mine on Martins Fork below Hurst (1059). 



B. 


1 
c. 


D. 1 


h. 


l\r ct nt. 


1 

/v./ rent. 


Pf-r cent. 1 


Per rent. 


2. 240 


l.(W2 1 


2. 124 


1.600 


38. 810 


38.578 


38.946 ' 


39. 380 


5(). 25« 


56.175 1 


55. 778 


54. 996 


2.470 


2. 7H0 


2.450 1 


3. 270 


.724 


.795 ' 


.702 


.754 



These analyses show a coal very low in moisture, about or below the average 
in sulphur, running about three-fourths of 1 per cent, and low in ash. The total 
amount of combustible matter is high, but of this the volatile hydrocarbons are 
above the average, so that the proportion of fixed carbon is only about an average. 
On the whole, these show this coal to be excellent, though probably not as much 
a coking as a gas coal or a coal for steam purposes. Considering its thickness 
and workability, this bed by itself gives value to the whole district. 

Analysis of cmil on Field place on Little Branch of Crummies Creek. 

Per cent. 
Moisture 3. 140 

Volatile hydrocarbons 38. 440 

Fixed car))on 55. 330 

Ash 2.530 

Sulphur 560 

KKLLIOKA COAL. 

As in some of the preceding districts, the Kellioka coal yields a large total 
thickness but is generally so split up with partings as to render its workability 
questionable in parts of the district. On Slater Fork it has been mined on the 
Carlo Britton place on Bee Branch. The coal here has an actual elevation of 
1,004: feet, being about 330 feet above the mouth of the branch (1010). The coal 
shows an upper bench of 6i inches, then a parting of mixed coal and shale of 7 
inches, 2^ inches of cla\', 1 foot of coal, 2 inches of black cla\% and a bottom bench 
of 2 feet 6 inches; the floor is of dark-drab fire clay. The sample obtained here 
included from the 2i-inch clay band for 3 feet down, the bottom of the coal being 
at the time under water. The faces run northeast and southwest. There is a 
slight dip here to the northwest. Near the schoolhouse on Slater Fork an old 
opening partly fallen in showed 18 inches of coal, 5i inches of clay, 2 inches of 
coal, and 10 inches of clay, with 1 inch of coal exposed above the filling of the 
mine. Below the coal is 20+ feet of light-brown clay shale; a!)out 20 feet below 
the coal is a clitf of massive sandstoiK* 40 feet thick. As a somewhat similar clifl 
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With the coal just described on Slater Fork. At this point the upper coal shows a 
thickness of 43 inches of bright, partly splinty coal with thiiu irregular partings but 
no regular parting. Under it is a sandy fire cla}', and over it 2 feet of shale and 
1 foot of shaly sandstone with 8+ feet of shale above. On the John Day place on 
Crummies Creek (1088) was seen a 38-inch coal without partings. Over it were 3 
feet of shale to 6+ feet of sandstone. The floor is tire clay. The coal is bright 
and good looking. The resemblance of this coal to the coal just described on the 
Benjamin Field place has made it seem possible that it is the same coal rather 
than the Kellioka coal whose horizon would come nearly to this level. 

COALS or CATRON FORMATION. 

WALLIX.S CKEEK COAL. 

The Wallins Creek coal was seen at several openings, probably at enough to 
warrant our asserting that it will yield workable coal at this horizon all through 
the Martins Fork and Grays Knob ridges. The ridges south of Martins Fork 
above Cawood are probably not high enough to catch this coal and while indi- 
cations are that it underlies the portion of Little Black Mountain in this district, 
it is not certain that it will prove workable there. The following section of this coal 
measured or reported will show its thickness jn this district. On Mahlan or Ix)wer 
Double Branch of Catron Creek it is opened on the Mahlan Irving place (1003) at 
an elevation a little above 2,500 feet, and shows a total thickness of 7 feet and 
1 inch, including a 12-inch parting of creamy- white fire clay 8 inches from the 
bottom. The floor is a drab fire clay. The roof is composed of 1 foot of dark- 
drab cla\" shale which tends to come down in mining, being overlain by 15+ feet 
of light-drab and l)rown sandy shale. An entry has been driven in about 35 feet 
here on the faces, which run southeast and northwest. Supposedly the same coal 
has been opened on the Millard Farmer place, on the right-hand branch of Rock}' 
Branch of Slater Fork of Catron Creek (1010), and at this point the coal has an 
actual elevation of 2,615 .feet. As far as could be measured, it showed a 
thickness of 47 inches with a 2i-inch parting 20^ inches from the top. It is 
reported as l)eing much thicker. The sandstone outcrops a shoit distance above 
the coal, but neither the roof nor floor was seen. On the G. F. Farmer place, 
at the head of Farmers Branch of Slater Fork (1022), this coal was opened at a 
barometric elevation of 2,640 feet, which shows a top bench of coal 15 inches 
thick; then a jmrting of 20 inches of bone coal and cla3% of which the upper 
half is full of coal streaks one-fourth inch thick; then 2t* inches of coal, including 
a 3-inch band 2 inches from the top, which is soft and is mined. Below that 
are 3 inches of very hard nearly black bone, which forms the floor of the mine. 
Below that is light-yellow fire clay 4 inches thick. The roof is shale 12 feet thick, 
with sandstone over it. It is reported that under the coal exposed in the opening 
are two benches, thought to be 15 inches thick, there l>eing reported to be 6 feet 
of coal running in the whole seam. The faces run northeast and southwest. At 
this opening a number of specimens were obtained of SjyluinopterlH tenella Brongn., 
reported by Mr. David ^^'hite as a type common in the lower Kanawha formation. 
Two measurements were obtained of a very thick coal in diflferent branches of 
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Mill Creek. This coal was supposed to be the Wallins Creek coal. At one point 
the measurement gave a total thickness of feet 10^ inches, including a 1-inch 
parting 4 inches from the top and 5^ inches of parting 51 inches lower down, 
and a 1-inch parting 4 inches below that (1025). At another exposure the coal 
showed a thickness of 1) feet 5^ inches. This showed 1^ inches of bone 5 inches 
from the top, 2 inches of bone 3 feet lower down, 7 inches of clay 14 inches 
below^ that, with 4 feet of coal in a lower bench, as far as it could be exposed. 
The roof here is a cla\^ shale 15+ feet in thickness. At the first of these 
exposures the coal has an actual elevation of 2,482 feet and lies 340 feet above 
a sandstone which makes a waterfall in the creek bed where two principal forks 
of the creek come together. The upper coal in the tirst opening shows hard 
streaks in the upper bench, while the lower bench is softer, showing some 
!)rownish streaks with thin plates of bony coal. The two analyses obtained at 
the first of these openings are of the 51-inch bench and of the coal below the 
5i-inch parting. In John R. Proctor's report on this region he gives a section 
of this coal on Little Bmnch of Martins Fork which almost exacth^ resembles the 
section obtained on Lower Double Branch. It ^hows a total of 8 feet 7 inches, 
including a 7-inch fire-clay parting 15 inches from the bottom. Messrs. McCreath 
and d'Invillier's section of the lower of the two coals discovered by them in 
Grays Branch on Grays Knob gave a total thickness of 9 feet 1 inch, including a 
3-inch clay band 28 inches from the top, 11 inches of fire clay 23 inches lower, 
3 inches of shale 11 inches below that, and 2 inches of shale 25 inches from the 
bottom. On Turtle Creek two exposures of coal supposed to be at this horizon were 
found near the head. One of these gave the following section: Coal, 15i inches; 
clay, three-fourths inch; coal, 8 inches; shale, one-half inch; coal, 3 inches; clay, 1 
inch; coal, 4 inches; clay, li^ inches; coal, 7 inches; clay, 2 inches; coal, 3^ inches; 
shale, one-half inch; coal, 4 inches. The coal is overlain by soft clay and underlain 
by a fire clay. The sample obtained at this opening included from the top of the 15^- 
inch bed to the bottom of the 7-inch bench, so that it incfuded all told 3 J inches of 
parting, probably none of which could be separated in actual mining. The entry 
here runs S. 20*^ E. on the butts. The other opening showed coal, 2 inches; clay, 
1 inch; coal, 20 inches; clay, one-half inch; bony coal, one-half inch; coal, 11 
inches; clay, H inches; coal, 13 inches; bony coal, 1 inch; I'oal, 3 inches. This 
opening has an elevation of 2,443 feet. Both openings are on the Taylor Low 
farm. Above the coal numerous fragments of coarse grit occurred which are 
supposed to have come down from the Jesse sandstone. These were followed up 
the hill, but no ledge in place was found. They appeared to come from about 
300 feet above the coal, a fact which suggested the presence of the Jesse 
sandstone at that height above the coal, and at an interval which corresponds 
closel}" with the interval between the Wallins Creek coal and Jesse sandstone in 
the Wallins Creek district. 
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Tho quality of tho Wiillins Creek coal was shown by the following analyses: 

Amilt/ses of Watlhis Crrek cwtly Martim Fork district. 



Constituent, 



Per rent. 

Moi5turv 1.8()0 

Volatile hydroi'arl>on.s 86. 000 

Fix€.l carb.jn 49. 8(H 

A«h 11.290 

Sulphur 1.046 



B. 

Per cent. 

2.320 

40. 150 

50. 145 

6.590 

.795 



c. 


D. 


E. j 


F. 


*er cftU. 


Percent. 


Percent. 


Per cent. 


1.858 


1.892 


2.910 


4.708 


37. 212 


35. 628 


33.610 


34. 285 


54. 125 


54.140 


45. 195 


48.909 


5.700 


7.620 


17.520 


11.270 


1. 105 


.720 


.765 ■ 


.828 



A. SffthlAD Irving |»lace. I»wer Double Branch of Catron. 

B. G. F. Farmer place. Farmers Brunch of Slater Fork. 

C. rpper bench of c<»al on Mill Branch on Henry Neal place (1026). 

D. Lower Jiench on Mill Branch. Henry Xeal place (1026). 

E. Taylor I»w place on Turtle Creek (1026). 

F. W. McI>onald Hall place on Grayn Branch of Martins Fork. 

All analyses were by A. S. McCreath; samples from A to E, inclusive, were 
coUei-ted in 1902 and 1903. F was collected by McOeath and d'Invilliers. 
Tliese analyses .show this coal to run high in ash, as might be expected of such 
a thick coal. Some of the samples indicate an average amount of sulphur, 
while some run above the average. It is below the average in proportion of 
fixed carlxm. On the whole, it would appear to yield a coal in quality a little 
below the average of the better coals of this district; and in general this coal 
may lie counted upon to yield quite a large percentage of workable coal, and 
prolittbly can l>e worked economically in connection with operations upon the 
Harlan or Kellioka coal, which lies near the foot of the hill. 

SMITH 11-FOOT COAL. 

This (roal was not seen, but is reported b\'^ McCreath and d'Invilliers as 
rxrcurring on W. McDonald Hall's land on Grays Knob. They say of this coal 
that it "' is o[x»ned 90 feet vertically higher and immediately above the l&st-named 
deveJopmiMit [Wallins Creek coalj, and shows an enormous thickness. ♦ ♦ ♦ 
This lx»d is here about the same [1,200 feet] elevation above the river and cliff 
KafidKtones. and is, moreover, about 400 feet beneath the fossil limestone." 
They assume*, that this coal was the same as the Wallins Creek (»oal (called by 
tUi'tn Dean coal), but the stronger resemblance of the lower coal to our own 
Mf^ftiorih of what we thought was Wallins Creek coal has led us to tissume that 
iUU iip|x*r roal is alM>ve the Wallins Creek coal, and for reasons stated in the 
/•ha|>ter on gen<?ral stnitigmphy — mainly its relationship to the Cawood and Slater 
^AUfl^.touofi'-wit have* assumed that it corresponds to the 11-foot coal on the 
^iffHhvilU' Smith place at the head of Puckett Creek. It can not be said that 
ttnt/ii /'<Tfainty <»xists in regard to this correlation, particularly as we did not 
^/,r*4'l\4'^ H<M' i\ut two coals and can not be entirely sure that the one coal that 
vn: /Ji/J ^.4'i- /orre.Hponds to the lower of these two coals. They gave the following 
t^yt'ioh of this coal (1110): Shale roof; coal, 5^ inches; knife-edge parting; coal, 
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3 feet 3 inches; fire-clay parting, 8 inches; coal, 1 inch; shale, 1 inch; coal, 
5 inches; shale, one-eighth inch; coal, 7^ inches; shale, 2 feet 4 inches; coal, 
5 feet 7 inches; total, 13 feet 6 inches. Two analyses were obtained of this 
coal, of which the first included the 3 feet 8i inches above the S-inch parting; 
the second included the 67-inch bottom bench. These gave a^s follows: 

Analyses of Smith II -foot coal 07i Grays Knob. 



Constituent. 


A. 

Per cent. 
H.9()6 
35. 7:i4 , 
47. 159 ' 


Per cent. 
4. 362 
'M>. 908 
53. 288 


Constituent. 


! A. 


B. 


Moisture 

Volatile combustible matter. 
Fixed carbon 


Sulphur 

, Ash 

i 


1 Per cent. 

571 

.... 7.630 


Per cent. 
.532 
5.910 







They say of this coal that ''the analyses of the two coals do not show any 
material difference except in the percentiige of water, that in the upper bench, or 
No. 1, being very high and showing an abnormal weathering of the coal. The 
upper bench carries a small knife-edge of slate at 5^ inches from the top, and 
the coal was very soft, pulpy, and badly weathered. The lower bench is 5 feet 
7 inches thick, holding thin knife-edges of slate at 3, 18, and 40 inches from the 
top, though all of these binders were included in the samples, owing to the 
diflSculty in separating them in regular mining; yet the percentage of ash is 
exceedingly low. Indeed, both analyses are very favorable. * * ♦ The bottom 
bench of coal presented an excellent appearance, being much firmer than the 
upper bench, though still soft, but apparently suitable for coking." 

As no coal was found at this horizon anywhere else in this district we are 
not prepared to assume that coal of this thickness or possibly even of a work- 
able thickness will underlie the hills at this level. 

The old State reports give sections of three coals on the James Howard place 
on Martins Fork. These were not located in the field. The upper of these coals 
is reported in one place as 250 feet above drainage and described as 50 inches 
thick, with a 1-inch parting 5 inches from the top. The next coal below is reported 
as 250 feet lower, and is 5 feet 8 inches thick without partings. One report 
describes it as "being found at the base of the hills," or in another place as 
"at the base of Cumberland Mountain." From these notes it was judged that 
the coals occurred on Martins Fork above Smith. The upper coal agrees exactly 
in its section and elevation with what we have called the Harlan coal on the 
F. S. Hensley place on Wilder Branch of Martins Fork (lOoO). If the early data 
were obtained from this locality or from the same coal in this general region, they 
indicate that a coal had been found in a stratigraphic position just above the base 
of the Cawood sandstone having a solid thickness of 5 feet 8 inches. Ten feet 
below it there is reported: Coal and shale 15 inches; coal, 25 inches; shale, 6 inches; 
coal, 10 inches; shaly coal, 4 inches; coal, 4 inches. From its interval below the 
60-inch coal it would appear that this lowest coal would come immediately above 
the Cawood sandstone. The uppermost of the coals given yielded the first of 
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STRUCTURE. 



Ovor tho i^irt of this^ district lyiujjr betwe^u Catron Creek and Slater Fork 
^ lilt' wivst and Martiiu* Fork on the north and east the elevation upon the 
I hrt W* ^"^^1 indicates that the rocks lie very nearly horizontaU or if there are 
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local dips they are so balanced as to leave no general dip. The calculated elevation 
of the Harlan coal just above the mouth of Crummies Creek suggested a slight 
dip toward the east at that point. It is possible that the vsame condition of flatness 
holds true in Crunmiies Ridge between Turtle Creek and Crummies Creek. South 
of Crummies Creek and Martins Fork the influence of the folding of the Cumber- 
land Mountain is felt and the rocks show a rise to the south, though this does not 
!)ecome pronounced until Cranks Creek is reached. Along Martins Fork above 
Smith post-oflSce the high dips of Cumberland Mountain are sometimes seen on 
the north side of the fork. At Hurst, on Timber Ridge Branch, on the contrary, 
there is a fairly- decided southward dip toward Martins Fork from the north. The 
dips of the rocks in the Cumberland Mountain are quite variable in this district 
and in a few places are overturned. Through the flat area first described the 
Harlan coal is found at just about 1,G00 feet. Southwest of Slater Fork there 
is a fairly rapid rise to the south, but this does not continue probably through the 
mountain, as the coals on the Martins Fork side of Martins Fork Ridge are but 
little higher than on the north side of the ridge. 

UPPER PUCKETT DISTRICT. 

GEOGRAPHY. 

This district includes the ridges between the Lower Puckett district on the 
west, the Wallins Creek district on the north, and the Martins Fork district on 
the east. In it rise Puckett Creek, Wallins Creek, Catron Creek, Brownies Creek, 
and practically Martins Fork. Of these Puckett Creek headwaters occupy the 
largest area, and in all probability should mining be undertaken in this district 
the coals here would first be attacked from the Puckett Creek side, as transporta- 
tion would be down Puckett Creek. The name Upper Puckett Creek district has, 
therefore, been applied because of this fact and the further fact that on the head- 
waters of Puckett Creek was exposed one of the best sections of coals, if not the 
best section, in the Black Mountain part of the field. Ridges have the same general 
character, narrow and irregular crests, and the same general height as in the two 
preceding districts. However, as the headwaters of several of the creeks occur 
in this district, a larger share of the coal proportionally is found here than in 
other districts where the valleys have been cut deeper and have been more or less 
widened. The coal of this district can probably best be reached by railroad 
branches up Puckett Creek, but it can also be reached b}^ branches up Brownies, 
Wallins, Catron, or Martins Fork. The dip being in the main to the north or 
northwest suggests that Brownies Creek and Martins Fork would not be favorable 
points for mining upon the coal. Puckett Creek is further favored by lying in a 
-slight transverse syncline. 
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STRATIGRAPHY. 

The relations of the coals of this district are best seen in Lee Branch of 
Paoketi Creek. The following skeleton section gives the coals and their intervals: 

^Section »hoinn(j coals mid inienxiU on Lee Branch of Pucketi ('reek. 

Ft. in. 

Interval from top of ridge 110 

jal . SmithU-foot 11 

Interxal 20 

Ojal (?) 

Inter\al 20 

Coal, report^] 2-3 

InU- rval 100 ^ 

CVjal, Wallinn Cn^ek (?) 8 8 

InUTval 140 

Sandntrnie, Puckett 30 

Intf r\al 280 

Oial 3 

1 n terva 1 80 

rv>al 7 

Inter\al 140 

r>^l, Kellioka(?) 7 3 

I n t ♦T va 1 230 

CVial, nfiK>rte<l 3 

InU?r\'al 50 

CViftl, llarlari'Hani^ 4 

Intifrval 200 

r>ial, Puckett 2 10 

lnti'r\'al 30 

0<il 8 

It fXLu not 1x5 OHHi'TtiHl with entire certainty that the correlations in the 
nUiv^? •»*;ction are correct. An attempt was made to trace the Puckett sandstone 
from iti* more typical lcM»ality on Jackson and Reynolds mountains into this 
nt^iou. and it would hmmu to hv fairly successful, but the fact that other 
*^rKlAt/ineM at some fxiintH make prominent cliffs produces some doubt as to the 
t'jfrrin'ifUiHH of the final renult. Around the head of Puckett Creek the sandstone 
tittnt f:si\U'jl ** Puckett" Ih quite distinct and makes cliffs at a number of points. If 
fhi.H Uf the i^uckett sandstone, the 44 -inch coal occupies about the position 
m^ntuM for the Wallins Oe^ek coal, and the Smith 11-foot coal is about the 
t'AfTTi'A'i interval alH)V<», that to correlate with the 3- to 4- foot coal at 150 feet 
ttUn'e the Wallins (Jreek coal in the Wallins Creek basin. Again the interval 
from the I'uck(*tt sandstone down to the Smith 4-foot coal agrees with the 
inU;rval from that sandstone down to the Ilance coal, or approximately 800 feet. 
A^in the, int<?rval from th(», 4-foot (^oal to the 7-foot coal agrees with the interval 
hetwe^;n the Harlan (^ml and the Kellioka coal, while the interval between the 
4 i<t(}l ('j(Jti\ and the ;W-in(;h cx)al corresponds with the interval between the Hance 
r/pul and the Puckett coal. 

The. firnt Wiction on Pi. XXXI, opposite, is a section from the top of the ridge 
Hi the hejid of Lick Branch of Path Fork of Puckett Creek down to the gap at the 
tt*:wi of Black Mountain Branch; then down the road to Brownies Creek, near Lee & 
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The fifth section is a section of the rocks on Banners Fork of Wallins Creek. 
Coal was seen only near the mouth, so that the stratigraphy of the upper part 
of the section was left somewhat in doubt. Four coals were noted in the lower 
part of the section, which had a thickness of 2 feet 10 inches, 1 foot 6 inches, 
1 foot 11 inches, and 6 inches, respectively, beginning at the top, with intervals 
of Ifff) feet, 60 feet, and 40 feet. The next section was obtained at the head of 
Wallins Creek, and shows the Wallins Creek coal typically developed. This 
flection gives: 

sSertion showing coaUt and intervals on Wallins Creek. 

Ft. in. 

Intenod, mostly sandstone 110 

BflUKbftone, Reynolds (lower part?) 60 

IntRrval, mainly sandstone 80 

Coal 10 

Interval 15 

Coal 2 5 

Inter\'al 10 

Sanrlstone, maasive, Jesse 80 

Interval, shales and shaly sandstone 40 

Hamlstone, massive 60 

Interval 140 

Coal, Wallins Creek, type locality 8 

Interval ^30 

Coal 11 

Interval, shales and sandstone 125 

Coal 1 9 

Inter\'al 90 

Sandi«tone, Puckett ( top) 10 

Interval i.. 510 

Coal 2 4 

Interval 220 

Coal bloom 

Interval 10 

Coal 2 

Interval 80 

Coal, just above mouth of Banners Fork 1 

The next section was obtained on Jones Branch of Catron Creek, and in it 
no coals were measured except the Harlan coal and the Pansy coal, both obtained 
from openings on Catron Creek. 

The next section gives the coals and rocks on Coon Branch of Catron Creek. 
Here again the Wallins Creek coal is well developed and a 3- to 4-foot coal at 
the same interval above it as the 44-inch coal on Trace Fork, which has been 
avSsumed to be the equivalent of the Smith 11-foot coal. The Harlan coal near 
the base of this section is from the same opening as that in the preceding section. 
The intervals and coals of this section are as follows: 
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COALS. 

As shown by the columnar sections already given, we may count upon 
workable coal at at least four horizons — the horizon of the Smith 11-foot coal, 
the Wallins Creek coal, the Kellioka coal, and the Harlan coal-— with possibility 
of workable coal at the horizon of the Puckett coal. Of none of these can it be 
asserted that they will yield a workable thickness over all of the area underlain 
by them. The Harlan coal and the Wallins Creek coal give the best promise as 
far as present data go. Probably the only coals seen of the Hignite formation 
were two at the head of Wallins Creek. One of these, w^hich measured 29 inches, 
came immediately above what was considered the Jesse sandstone, whose top 
marks the bottom of the Hignite formation. This would occupy about the 
position of the Lower Hignite coal if our correlations are correct. Fifteen feet 
above it was seen a lO-inch coal which would come in tbe position of the Upper 
Hignite coal of Log Mountains. As neither of these coals is workable, the 
question of their correlation is a minor one. One hundred and forty feet above 
the upper of these coals a coal bloom was seen that suggested the outcrop of a 
mther thick coal. With these exceptions no coals seen in this formation were 
so exposed that their sections could \ye measured. 

COAL OF LEK SANDSTONE. 

One or two coals have been found on the upper part of Martins Fork above 
''The Narrows.'' One of these (978) shows a thickness of 36 to -K) inches under 
from 8 to 10 feet of dark-blue shale. The coal appeared to be good and very 
hard. It has a tire-clay floor. Another coal of unknown thickness was found 
higher up. The stratigraphic position of these coals in the formation could not 
be determined. At this point the ro<-ks are lying nearly horizontal, this being 
a part of the monocline of Cumberland Mountain, in which the strata haWng 
been turned up at a high angle in the north face of Brush Mountain, then turn 
and extend across the headwaters of Martins Fork with very little dip, being 
slightly upturned again as th(»y approach the escarpment at the Butts of the 
White Rocks. On account of this position of the rocks it is possible that this 
or any thicker coal that may be found in this region may yield a small body of 
workable coal. On account of the pressure and movements to which it has been 
subjected such coal is apt to be, as in this case, very hard or else badl\' broken 
up, yielding little lump coal. 

COALS OF HANCE FORMATION. 

On account of the elevation of the drainage in this district, there are in 
this district few exposures of the coals of the Hance formation. Those on Wallins 
Creek have in the main l)een discussed under the heading '' Wallins Creek 
district,'" as it was more convenient to consider them at that point in connection 
with other outcrops of the same coals in that district with which it was thought 
the}^ could be correlated. Two of these coals are shown on PI. XXXIV, page 196 
(792, 792a). On Lee Bi-anch of Puckett Creek a 34-inch coal without partinfifs 
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of shale to sandstone and below it 2 inches of shale to sandstone (714). On Bear 
Tree Branch of Puckett Creek (925) the coal shows a thickness of about 4 feet. 
This includes one-half inch of bony coal 15i inches from the top, underlain by 1^ 
inches of clay, then three-fourths inch of clay H inches lower, and a i-inch clay 
parting 15^ inches from the bottom. The roof is a sandstone and the floor a 
bluish-gray clay. The coal here has an elevation of 1,734 feet. On I^e Branch of 
Puckett Creek this has been opened on the Granville Smith, or, as it is now, Frost 
place, where it has long been known as the Smith 4-foot coal. It shows a total 
thickness of 4 feet with a 1-inch bone parting 1 1 inches from the bottom. Thin 
clay streaks one-fourth inch or less in thickness were noted at 14^ inches from the 
top, li inches lower, and 20 inches below that. Below the coal is 1 inch of clay 
and 2 inches of coal, then fire clay. Above the coal is clay shale and massive sand- 
stone a short distance above. A sample obtained from this bank was too badly 
weathered to give a fair idea of the quality of the coal. On Puckett Creek above 
Toms Branch about 200 feet above the creek bed at the mouth of the branch this 
coal shows a thickness of 3 feet with 1 to 2 inches of clay 6 inches from the bottom. 
Sandstone outcrops immediately above and below the coal (902). On a branch of 
Jackson Mill Branch of Puckett Creek this coal showed a thickness of 3 feet plus, 
the bottom not being visible. The coal here was solid and good and reported to bum 
well by those who have used it (939). This is on the James Shackleford place. On 
a side climb from the right-hand fork of Jackson Mill Branch of Puckett Creek this 
coal showed a thickness of only 27 inches. It has over it 4 feet of sandy shale grad- 
ing up into shaly sandstone, with below 12 inches of fire-clay floor to a hard sand- 
stone. At both of these openings on Jackson Mill it lies between two sandstones as at 
the type locality around Harlan. At the opening on the right-hand fork (935) the 
coal is bright and firm with faces running from N. 50^ K. to S. 40^ E. The roof 
flakes down. On Catron Creek this coal shows on Steam Mill Branch on the 
Morris Napier place just above Pansy (944). It is badly broken up by a 16-inch 
parting, the lower bench being 18 inches thick, and the upper bench, which is 
about 30 inches thick, has a f -inch parting 7^ inches from the top and a i-inch parting 
2 inches from the bottom. The roof is shale. At the next opening on the Washing- 
ton Hensley place, opposite the mouth of John Branch (952), this coal shows an 
unusual thickness. There are three benches, the upper of which measured frona 
2 feet to 2 feet 7 inches; then comes a grayish -clay parting from 2 inches to 1 
inch in thickness, then a little bench- from 1 foot 10 inches to 2 feet 2 inches in 
thickness. The lower 8 to 14 inches of this bench is a good cannel coal with con- 
choidal f i-acture. Below an 8-inch parting of clay there was seen at the mouth of 
the drift 1 foot to 1 foot 4 inches of coal, also a cannel. The roof is a brown 
shaly sandstone for 2 feet, with 8 feet plus of sandy shale above. Between the sand- 
stone and the coal a little shale is sometimes seen ranging up to a thickness of 4 
inches. > The faces run N. 40^ W. The sandstone roof appears to be of good quality. 
The coal here is 150 feet above the creek at an elevation of 1,710 feet and shows a 
slight eastward dip. 

On John Branch, to the south of the last opening, the Harlan coal has been 
opened on the Myra Osburn place (956). Here it showed 52 inches of coal without 
partings, and a sandstone roof. The coal has an excellent roof here. Its elevation 
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one sample gave a high percentage of sulphur. The proportion of fixed carbon 
ranges from quite low to high, with an average about medium for this district. The 
percentage of volatile matter is usually rather alK)ve the average, in one case 
running over 40 per cent. These facts suggest a coal of good quality with rather 
a high ash, probably due to the fact that the samples included small partings in 
many cases. 

As a result of its low position in the mountain, coming as a rule fairly near 
drainage, this coal underlies a large portion of the district, and should it prove 
to be as a whole no worse than may be judged from the sections alread}' 
obtained, it ought to yield a large amount of workable coal. Its elevation at 
the east is about 1,600 feet, but it t^nds to rise to 1,700 feet on Puckett 
Creek, and in places on Martins Fork, where it is brought within the influence 
of the Powell River anticline, it reaches an elevation of 1,800 to 2,0i>0 feet. 

McCreath and Peter both give analyses of the upper and lower parts of 
the Washington Hensley bank separately as given below; the A and C analyses 
are by McCreath from samples obtained by McCreath and (riuvilliers; B and D 
are by PetiM- from samples obtained by R. C. B. Thruston; A and B include the 
coal down to the top of the 1 foot of cannel; C and D include the 2 benches 
of cannel 1 foot thicik and 16 in(»he^ thick. 

Aiialyws of coal at G. W. Hensleif place on Catron Creek. 



constituent. 



A. 



I Percent. 

Moieture ' 3. 602 

Volatile hydrocarbonB \ 85. 293 

Fixed carbon 5o. 41 2 

Ash 5.110 

Sulphur . 5S8 



B. 


c. 
Jtr cent. 


D. ■ 


Percent. 


Per cent. 


2.50 


1.284 


0.80 


31.90 


40.656 


37.30 


H0.80 


47.723 


54.90 


3.80 


7.960 


7.00 


.438 


2.367 


1.925 



These analyses show the cannel coal to Ije of excellent quality as regards 
its percentage of ash, but to have such a high percentage of sulphur as to 
render its workability doubtful. For ordinary steam purposes, worked in 
connection with the })itumiuous coal above, it may prove satisfactory. 



KELLIOKA COAL. 



Tlie type of this coal for this district was on the Hiram Hensley place on 
John Branch of (ktron Creek (959). The coal here shows a total thickness of 
7 feet H inches, including 6 inches of clay 17 inches from the top, S^ inches of 
dark-drab clay 17 inches lower, 8 inches of drab clay 3i inches below that, and 
a bottom bench of coal 40 inches thick, including a 1-inch parting of black clay 
1 foot from the bottom. The analysis of this coal included only the bottom 
bench practically 3 feet thick. Above the coal is tJ feet plus of drab shale. 
The faces here run N. 4<)^ E. This coal lies at an elevation of 1,957 feet, or 
about 300 feet above the branch. One hundred and fifty feet higher, the massive 
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total thicknesses up to 7 feet or more in most cases, the portion of them tliat 
could be worked ranges from aliout 2i feet to 5 feet, or 6^ feet in the case of 
the exposure on Lee Branch of Martins Fork. On the whole, however, it may 
be doubted if this coal will yield on an average more than about 8 feet of coal 
that can be economically worked. 

The quality of the Kellioka coal is indicated by the following analyses: 

Analywj^ of Kellioka coul hi Upper Pnckett dintrirf. 



Constituent. 



I 



I Prr rtnt. 

Moisture 1.80 

Volatile hydrocarlM)nH : .'U. 20 

Fixed i-arbon 60. 1 

Ash 3.fl0 

Sulphur . 917 



B. 

Pf.r rrtU. 

1.844 

38.506 

54.584 

3.»40 

1.126 



1.630 

38.990 

54.222 

4.030 

1.128 



Per ci-ni. \ 

i.5:w ! 

37. 106 ' 

51.298 i 

8.720 ' 

1.342 



E. 



Per cent. 

1.74 

33.32 

59.24 

5.70 

1.034 



F. 



Per cent. 

1.868 

39. 232 

54. 376 

3.300 

1.224 



A. 9cven-foot coal, old Grandville Smith place, Leu Branch of Piickett Crevk: sampled by K. ('. B. ThruRton, Octob<.*r 12, 
18M. AnaljTsis by Robert Peter. 

B. Same coal, same locality; sampled by McC^reath and d'lnvUlicTs, 1888. Analysis by A. 8. McCreath. 

C. Same coal, same locality; sample obtained in AufiruBt, 190Q. Analysis by A. S. McCreath. 

. D. Lower part of bed 3 feet thick from Hiram Hensley Branch, John Branch of Catron Creek; sampled by R. C. B. 
Thnifiton, July, 1887. Analysis by Robert Peter. 

E. Same locality; sampled August, 1902; analysis l>y A. S. McCreath. 

F. William Lee place. Laurel Branch of Martins Fork, includes only the lower 44 inches of coal; sampled Augi»t, 
1902; analysis by A. 8. McCreath. 

Those analyses indicate the coal to have an average quantity of ash, but to 
be considerably above the average in sulphur, and from fair to high in fixed 
carbon, indicating a good coal for steaming purposes. 

Forty feet above the Harlan coal a cannc^l coal has been opened upon John 
Branch of Catron Creek that has attracted some attention. It was not opened 
when visited in 1902. McCreath and d'lnvilliers report the coal as 4 feet 6. inches 
thick, of which the top, 1 foot 9 inches, is bituminous coal and the bottom, 2 feet 9 
inches, cannel. McCreath obtained the following anaWses of the upper bituminous 
bed (A) and of the cannel bed (B); the third analysis ((') is of a cannol-coal sample 
collected by Mr. R. C. B. Thruston and described as "8 miles from Mount Pleasant 
(Harlan), at the head of Catron Creek of Martins Fork. * * * Sample from 
22-inch seam in Iwd containing 3 seams, 2 of stone coal, severally IS and B inches 
thick, separated })y a 2-inch shale parting; 120 feet alK)ve dminage, a dull, gray- 
black cannel coal, irregularly laminated.'' As the description indicates that it 
wa.s not in flohn Branch of (^Jatron, we have supjwsed this to 1)0 the same l>ed from 
some neighboring point on the main branch of Catron C-reek. Its analysis has, 
therefore, been inserted at this point. 
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fire clay, underlain by coarse sandstone. On Sang Branch of Wallins Creek (767) 
this coal shows a thickness of 44 inches without partings. On Coon Branch of 
Catron Creek a very poor exposure of it indicated a thickness of from 8 to 4 
feet (771). At this point, however, it was badly weathered, and it was not possi- 
ble to get a good section (967). It is of course possible that the coal at the 
last two exposures represents only part of the coal as exposed at the Smith place, 
the 12-inch parting possibly having thickened so as to separate the two main 
benches. On Trace Fork a 23-inch coal was found about 15 feet below the 
44-inch coal, which may be a lower bench of the Smith 11-foot coal, though, as 
a sandstone bed comes between the two, it would hardly seem probable. We 
must therefore consider that if this correlation is correct, the 11-foot coal on Lee 
Branch is simply a local thickening of a bed which normally runs from 3 to 4 
feet in thickness. Thirteen feet of coal on Grays Knob, thought to lie at the 
same horizon, would be a similar instance of a local thickening, and it would not 
be unexpected under these circumstances if a similar thickening should be found 
at other points. 

The following two analyses of this coal at the type locality include only the 
upper bench of coal. The first analysis was from a sample obtained in 1902, the 
analysis being by A. S. McCreath; the second analysis from a sample obtained 
October, 1886, from Mr. R. C. B. Thruston, is by Peter. The sample for the 
last analysis was air-dried. 

Analyses of Smith 11-foot coaly Lee Branch of Puckett Creek. 





Constituent. 


A. 


B. 


Moisture -. .. ....... .......... .... 


Percent. 

2.500 

37.010 

49.680 

.990 

9.820 


Percent 
4 00 


Volatile combustible matter .... . ...... ................. 


31 00 


Fixed carbon ...... .. ................. . ...... .. ..... 


56.00 


Sulphur ....... ................... . . .... .... 


1.027 


Ash 


9.00 







The coke obtained was fair but somewhat granular in structure. These 
analyses show this coal to be of fair quality, though carrying a large percentage 
of ash and a small proportion of fixed carbon. The moisture percentage indicates 
that the coal was more or less weathered. It may be safe to figure on this coal 
showing a thickness of between 3 and 4 feet under most of the area with a 
greater thickness locally, which can hardly be considered in figuring the value 
of the coal, as it is very apt, as in the section on Lee Branch, to show partings 
when thick which will reduce the actually workable coal to nearly the lower 
figure. 



CORRELATION OP COALS OP CATRON FORMATION. 



In this district the Catron formation shows at least five coals, of which two 
may be considered workable. The two workable coals are here about 150 feet 
apart. The lower of them has been considered as at about the horizon of the 
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Fork or the right-hand fork of Wall ins Creek there appeai'fe to be little change in 
elevation. The coals on Coon Branch of Catron Creek have an elevation of 2,625 
feet on the right-hand fork and 2,601 on the left-hand fork. At the extreme head 
of Catron Creek the .same coal is estimated to have an elevation of a trifle over 2,8(K) 
feet and a little less at the head of Puckett Creek. 

CORRELATION OF C OAI^S. 

By David White and (teorge H. Ashley. 

While of very minor economic value, the question of the correspondence of 
the coals of the different fields is one of great interest to mining men. AVhere 
coals are highly persistent, such correlations may be of high value, as it may be 
possible to predict ahead the quality as well as thickness and reliability of any 
given coal. In this field the coals seem to be fairly persistent in respe<*t to thick- 
ness and quality, but hardly enough so that the characteristics of the coals at 
one place will serve to identify the same coals elsewhere, or to prove useful in 
predicting their value. 

The following chapter, while written by Mr. Ashley, is based almost wholly on 
data obtained by Mr. White. It has already- been stated that all the rocks exposed 
in this basin are believed to be of Pottsville age. In the early geologic work in 
this part of the Appalachian field it was supposed that what is here called Lee 
represented all of the Pottsville of this region. Later dist*overy of Pottsville 
plants in the upper part of the Norton formation in the Bristol quadrangle led to 
the conclusion that the top of the Pottsville must be placed much higher than 
was at first thought possible. 

In his Geology of the Virginias, 1884, Mr. W. B. Rogers makes the following 
classification of the Coal Measures: 

Lower barren group, XIV. 

Lower coal group, XIIL 

Great conglomerate or conglomerate coal group, XTT (Pottsville). 

(jroenbrier shalefi, XI. 

In his coal report for the West Virginia Geological Survev (1904), Prof. I. C 
White, following in the main his Bulletin ♦Jo, United States Geological Survey, 1891, 
uses the following names for the corresponding groups: 
XVI. Dunkard. 
XV. Monoiigahela. 
XIV. Conemaugh 
XIII . Allegheny-Kanawha. 
XII. Pottsville. 
XI. Mauch Chunk re<l shale, Cfreenbrier, or Mountain limeHtone. 
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Creek coal and the Lower Hignite coal appear to be distinctly referable to 
the Lower Kanawha of West Virginia. The Bryson formation appears to be 
included in the time of the Upper Kanawha, judging from material collected at 
the horizon of the Red Spring coal, whicli will probably fall in the upper part 
of the Kanawha formation, and not far from the Winifred and Coalburg coals. 
In Mr. Campbell's report on the Big Stone Crap coal field, 1893, he gives 
the following table of formations: 

^ Feet. 

Harlan eaiKistone 880 

Wii?e foniiation 1, 270 

Gladeville sandstone 100 

Norton formation 1, 280 

Lee conglomerate 1, 500 

Assuming that the top of the Lee has been drawn at the same horizon at 
Cumberland Gap as at Big Stone Grap, and that Mr. Campbell's measurement of 
the Norton is correct, his Gladeville sandstone should come about at the horizon 
of the Puckett sandstone of the Cumberland Gap field, as that sandstone has 
been estimated at about 1,35(> feet or a little less above the top of the Lee. It 
is possible that the top of the Lee at Big Stone Ciap was drawn at the top of 
the Yellow Creek sandstone of this field, in which case the agreement is still 
closer. On the other hand, taking the position of the Gladeville sandstone 
as given on upper Clover Fork on Mr. Campbell's map, and McCreath and 
d'lnvillier's description of the sandstones seen along that fork from the edge of 
Campbell's map to the edge of the map accompanying this report, it would 
appear that the Gladeville corresponded to the massive sandstone just above or 
below the Harlan coal. Messrs. McCreath and d'Invilliers thought that the 
heavy sandstone in the upper valley of Clover Fork could Ix^ traced down into the 
Cawood sandstone just above Harlan court-house. Careful tracing, however, shows 
that the latter sandstone passes beneath Clover Fork below Jones Branch. In view 
of the possibility of error in the correlation of the Gladeville sandstone from its 
typical locality over Black Mountains into Clover Fork and the lack of definite 
detailed tracing of the sandstones down part of Clover Fork, little reliance can 
be placed on this last correlation. One or two facts favoring the correlation of 
the Gladeville sandstone with either the sandstone just above or just below 
the Harlan coal are, first, the existence of rather heavy coals just above and just 
below the (iladeville. On Poor Fork, near Poor Fork post-office, there is a coal 
that locrally roaches a total thickness of 16 feet, and at one point shows a 13-foot 
bench without parting. On Clover Fork this coal just above the (Tladeville appears 
to be thin, Imt a thick coal, not important eastward, appears just below the 
Gladeville. If either of these coals correspond with the Harlan coal, the 
Gladeville would necessarily correspond to one of the sandstones close to the 
Harlan coal. In the second place, the top of the Gladeville is described as 1,270 
feet below the bottom of the Harlan sandstone, which is described as carrying 
peb})les. If the pebble-carrying horizon of this region— the Jesse sandstone — 
corresponds with the bottom of the Harlan sandstone of the headwaters of 
Clover Fork the space from that down to the Harlan coal, which is about 1,200 
feet, agrees well with the interval farther east. No accurate measurement from 



210 CUMBERLAND GAP COAL FIELD, KENTUCKY. 

forms that closely i-esembled the flom at the Mingo mines. Assuming that the 
coal now mined at iSti-aight Creek is the same as the Jellico, this fact suggests 
that the Mingo and JellicO coals are the same bed. Another fact tending to cor- 
roborate the conclusion is the finding of animal remains in the shales above the 
McGuire coal a short distance above the Dean coal. According to the inter- 
pretation that the Jellico is the same as the Mingo, the Dean is the same as the 
Poplar Lick or the Wallins Creek coal, and the McGuire coal corresponds with 
the Klondike. On the other hand, according to a section prepared from Mr. 
Crandall's report on Whitley and Pulaski counties, the Jellico coal is only 400 
feet above the "Conglomerate" or I^ee, whereas the Mingo coal has been 
calculated as over IJHX) feet alx>ve. A review of Mr. CrandalFs original article 
reveals the fact that he does not give the exact distance of the Jellico coal above 
the Lee, the necessary data evidently not having been found. It is evident, 
however, that he considered its position about the equivalent of the Bennett Fork 
coal on Bennett Fork. Work done hy him on Tackett Creek led him to the same 
conclusion. With this interpretation the Dean coal occupies the position of the 
Mingo coal. As tending to corroborate this correlation is the section of a coal 
250 feet above the Dean coal on the Ransom Slusher place on the left fork of 
Straight Creek. It shows as follows: 

pSection of c(hxI on left fork of Straight Creek. 

Ft. in. 

Coal 1 6 

Sandstone 2 

Coal 1 U 

Clay k 

Coal 4J 

Bituniinou.** eliale 3J 

Clay 6 

This se(*tion certainly resembles the Sandstone Parting bed of the Log 
Mountains. At this time we are not prepared to do more than suggest those 
two possible correlations. 

There remains to consider the possible correlations with the coals to the 
southwest. In a section obtained b}" Mr. White at Big Creek Gap in the south- 
western end of the Cuml)erlHnd Gap coal field, the Rex coal was calculated to 
be about 175 feet or more above the top of the Lee, according to which bed, in a 
series of waning sandstones, is selected Jis the top of the latter formation. At 447 
feet above that comes the Kent coal, which on the head of Davis Creek, a tribu- 
tary of Clear Fork of Cumberland, splits into two or three benches. One hundred 
and thirty feet below the Kent there is reported a coal, locally called the Blue 
Gem. By these measurements the Kent coal is &22 feet above the top of the 
Lee, or about in the position of the Bennett Fork coals; 240 to 25i) feet above the 
K<»nt coal is a 41-inch coal with two partings in the middle, probabW the Rich 
Mountain coal, with at least three coals in the interval. This would be in the 
position of the Kellioka coal of the Black Mountains. One hundred feet higher a 
4 -foot (!oal is reported on Davis Creek. 

The next importiint coal above this is the Jordan, showing 5 feet of coal with 
1 inch of parting 12 inches from the top. This is 200 feet above the 4-foot coal, or 
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correspond with the Upper and Lower Hignite coals in the Log Mountains region. 
Still above the Block coals about 550 feet are one or two thick coals, one of which 
may represent the horizon of the Red Spring coal. Still above that 200 feet are 
thick coals, associated with which is a mixed flora of Kanawha and Alleghen}', 
but still of clearly Kanawha age. If the correlation immediatel}' preceding is 
correct, this last plant horizon will come at or above the top of the highest strata 
in the Log Mountains, or in that part of the Black Mountains studied and mapped 
by us, and as at this horizon the plants indicate still Pottsville age it is evident 
that all of the rocks in the area studied by us are of Pottsville age. 

Provisionally, the Anderson sandstone of the Briceville area is thought to be 
continuous with the Harlan sandstone of the Estillville area, and both wuth the 
Charleston sandstone of the Kanawha region. 

EXPLOITATION AXD DEVEIiOPMEXT OF COALS. 

CHEMICAL CHARACTER OF COALS. 

In connection with the description of the coal beds, chemical analyses have 
been given of the coals, the analyses being made b}- Mr. A. S. McCreath from 
samples obtained in 1902 and 1903, or from samples obtained by McCreath and 
d'Invilliers in 1887, or by Robert Peter, formerly State chemist of Kentucky, from 
samples obtained by different members of the Kentucky Survey. The analyses by 
the last analj'sist were in all cases of air-dried samples, and it is not known whether 
the samples obtained represented an average of the whole seam or not, though 
it has been assumed that in most cases at least it did. The analyses obtained in 1902 
and 1903, and it is believed also those obtained by McrCreath and d'Invilliers in 
1887, were obtained b\' cutting a section of the coal, or of such part as seemed 
desirable, excluding only such partings as it was thought would be excluded in 
practical mining. It should l)e remembered that in the majority' of cases these 
samples were obtained from outcrop coal, in some cases the coal being soft and 
crumbly, and so badly weathered that it would not make a coherent croke. At the 
end of the report on the resources of the Cumberland Vallc}' by Messrs. McCreath 
and d'Invilliers they summarized the analyses of tiie coals obtained b}- them, giving 
a general description of the quality of the coals. They examined and tested the 
coals in what is now the Big Stone Gap coal field of Lee and Wise counties, Va., 
then the coals from the head of Clover Fork of Cumberland River to Pineville, and 
then the coals of the Yellow Creek basin, comprising practically what is included 
in the area west of Yellow Creek in our study. For the sake of comparison the 
averages and other data furnished by them of the three districts will be given. 
The tjibles as reported exclude the cannel coals. The samples analyzed from the 
Big Stone (rap district (19 coals) averaged as follows: 

Average analysii* of coah from Big Stone Gap ditdrict. 

Per cent. 

Moisture 1.918 

Volatile matter 36.449 

Fixeti carbon 63.816 

Sulphur 1.396 

Aah 6.432 
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Of the 6 samples thus grouped the amount of water shown in 4 is less than 2 
per cent: in 1 it is between 2 and 3; in 1 it is l)etween 3 and 4. The sulphur in 2 is 
less than 1 per cent: in 2 it is between 1 and H per cent; in 2 it is between 1^ and 2 
per cent. The Jish in 1 is less than 3 per cent; in 2 it is between 3 and 5; in 3 it is 
more than 8. 

In discussing these tables they say as follows: 

'' A comparison of these tables and averages will show the general superiority 
of the coals tributary to the Cumberland River route; whereas between the two 
others there is very little difference. 

''Perhaps the most striking feature brought out by comparison of these 
recruits is the excessive percentage of water in many of the coals along the 
Cumberland River route, nine of them showing over 4 per cent. This is, 
doubtless, due in a very large measure to the geographic position of these 
coals, by which their exposure to the north storms has brought about more rapid 
weathering and change of physical structure than is the case with the coals on 
the south side of the mountain divide in Virginia, as well as those but partly 
exposed to the effects of the elements from the Yellow Crfeek territory. While 
this weathering has produced a higher percentage of water in all the coals, which 
were apparently quite dry, it has likewise probably effected a decrease in the 
percentage of sulphur and perhaps ash. It will, undoubtedly, prove to be the 
case upon further developments, but while these coals will l)e found to carry only 
a normal percentage of water, they will not show such a marked increase 
[decreiuse?] in their percentage of sulphur and ash. 

"'In the matter of ash, it may }>e taken for granted that any decrease in 
this constituent, due to leaching, is fulh^ compensated for In^ the preseiu^e of 
infiltrated niud, for many of the samples show this feature to a marked extt»nt. 

It will readily be seen that the coals as a whole are essentially gi-aded as 
gas coals; for while undoubtedly the chemical anal3'ses of many^ of them would 
serve to indicate coals more adapted for coking purposes, it has not been found 
possible to say how far such coals would make a marketable coke when subjected 
to a regular oven t(»st; and their behavior in crucible tests in the laboratory was 
such as to suggest some dou})t as to their proper classification in the (poking coal list 
from their failure to show satisfactory tests. Nevertheless, such negative results 
may be, and doubtless are, due in a great measure to the fact that practically all 
of the samples were taken from outcrop and sometimes badly weathered coal; and 
it is well known that the weathering of coal greatly deteriorates, if indeed it 
does not entirely destroy, its coking (jualities. That this weathering was excessive 
in many instances there can be no doubt, for the coal was soft and pulpy. 

"The general list of analyses will, however, serve to classify them as usually 
g(K)d steam coals, rich in volatile matter, and thus insuring a quick fire and the 
rapid generation of steam.'' 

Since the above was written the coals of both the Big Stone (rap area and 
the Yellow Creek area have been developed and coked upon a commercial scale. 
As far as could be learned, and as far as such coke was seen, it was of good 
quality, and it is probable that when tested from regularly mined coal the coals 
of the Cuml>erland River field will also yield good coke. Nevertheless a 
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comparison of the analyses given with those of standard bituminous coals show 
that these coals should, as a whole, be classed with the gas coals rather than with 
the coking coals. In the same report Messrs. McCreath and d'Invilliers give the 
average analyses of various well-known fuels, which, for the sake of comparison, 
might be repeated here. 

Analyses of Mandurd hHum'mous coals. 



Westmoreland gas coal 

Pennsylvania gas coal 

Clinch Valley gas coal 

Clinch Valley steam and coking cx)al 

Cardiff steam coal 

Connellsville coking coal 

Flat Top coals 



Percent. 
1. 427 
1.280 
1.180 
1. 152 
2.552 
1.260 
1.011 



1 



Volatile 
matter. 


Fixed ' 
carbon. 

Per cent. 


Sulphur. 
/Vr cent. 


Ash. 


Prr cent. \ 


Per cent. 


37. 521 


54. 921 


0.713 


5.418 


38. 105 


54. 383 


.792 


5.440 


37. 398 ' 


56. 732 


.619 


5.602 


31.451 ' 


57. 754 


.759 


8.884 


33. 123 


56.774 


1.326 


6.225 


30. 107 ' 


59. 616 


.784 


8. 233 


18. 812 


74. 256 


.730 


5.191 



A study of the analyses of coals of the Cumberland Valley district from 
samples obtained in 1902 and 1903 was made by averaging the analyses of a few 
of the principal coals. For this purpose the Wallins Creek, the Creech, and 
Kellioka, the Hance, and the Harlan coals have been selec^ted. The Hance and 
Harlan coals are supposed to be at about, if not at, the same horizon. The 
average of the samples of Wallins Creek coal give as follows: 

Average annlysia of Wallins Creek coal. 

Per cent. 

Moisture 3. 571 

Volatile hydrocarbons 35. 679 

Fixed t^rbon 50. 796 

Ash 9.017 

Sulphur 812 

Of the 7 samples from which the above* average was obtained, the following 
are the maxima and minima: 

Per cent. 

Moisture 1 . 858- 1 2. 674 

Volatile hydrocarbons 29. 36(>-40. 150 

Fixed carbon 45. 195-54. 140 

Ash 5. 7(K)-17. 520 

Sulphur 525- 1. 105 

In the same coals the water in 3 is less than 2 per cent; in 8 it is between 
2 and 3 per cent; in 1 it is over 8 per cent. The ash in 5 is between 5 and s per 
cent; in 2 it is more than S per cent. The sulphur in 5 is less than 1 per cent; 
in 2 it is between 1 and H pin- cent. 
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The following are the averages in the analyses of 5 samples of Creech coal: 

Per cent. 

Moisture 3.038 

Volatile hydrocarbons 36. 779 

Fixed carbon 55. 613 

Ash 3.850 

Sulphur 719 

The same coals gave minima and maxima as follows: 

Per cent. 

Moisture 1 . 350- 5. 100 

Volatile hydrocarbons 35. 270-38. 760 

Fixed carbon 5:^.101-57.392 

Ash 2.800- 5.840 

Sulphur 608- .913 

Of these, 1 has less than 2 per cent of moisture; 1 between 2 and 3 per 
cent; 2 l>etween 3 and 4 per cent, and 1 more than 4 per cent. Of ash 1 has less 
than 3 per cent; 3 between 3 and 5 per cent; 1 more than 5 per cent. 

Five samples of the Kellioka coal yielded the following average: 

Average analysis of Kellioka coal. 

Per cent. 

Moisture 1.667 

Volatile hydrocarbons 38. 324 

Fixed carlx>n 54.053 

Ash 4.860 

Sulphur 1.074 

The same coal gives the following minima and maxima: 

Per cent. 

Moisture 1.534- 1.868 

Volatile hydrocarbons 37.106-39.232 

Fixed carbon 51.288-56.396 

Ash 2.140- 8.720 

Sulphur 704- 1.342 

All show moisture between 1 and 2 per cent. In ash 1 shows less than 3 
per cent; 2 between 3 and 5 per cent; 1 between 5 and 8 per cent; 1 more than 
8 per cent. In sulphur 2 show less than 1 per cent; 3 between 1 and H per cent. 

Nineteen anal^'ses of Harlan coal average as fojlows: 

Average analysis of Harlan coal. 

Per cent. 

Moisture 1. 973 

Volatile hydrocarbons 37. 553 

Fixed carbon 54. 692 

Ash 4.993 

Sulphur 791 

These 19 analyses show the following minima and maxima: 

Per cent. 

Moisture 1.314- 6.610 

Volatile hydrocarbons :^. 510-41. 558 

Fixe<i carbon 47.665-57.285 

Ash 2.450-14.910 

Sulphur 504- 1.230 
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A. TIMBER RESOURCES OF UPPER CUMBERLAND VALLEY. 
View from mountain top, showing generally forested condition of the basin. 




B. VIEW IN FOREST, SHOWING FIRST GROWTH OF TIMBER. 
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impurities, and in every respect the coal is a valuable one for gas manufacture. 
Compared with Main Lesmahagow cannel coal represented hj- 100 (correlated on 
the basis of a production of 13,000 cubic feet of gas, 1,535.5 pounds of sperm per 
ton, and having regard also to the value of the secondary products and the cost 
of the purification of the gas), this coal is equal to 70.17. 

-*This coal may with advantage be employed for the manufacture of kiln coke, 
but is better adapted for the manufacture of gas, as the foregoing results show."' 

Of the Mason (Mingo) seam he repoils as follows: 

'*This is a valuable coal, alike for the production of gas and coke; of the 
former it yields a large volume of 21.86-candle gas, while for purity and value 
as a fuel the latter can not be surpassed. The fuel gas contains a ver}' small 
amount of impurities, and is therefore very easily purified. The' coal is full}- 
equal to the finest of English or Welsh coals. Compared with Main Lesmahagow 
cannel coal, represented b}' 100, this coal is equal to 69.01. For the manufacture 
of kiln coke for metallurgial purposes this coal is veiy well suited, containing, 
as it does, about the smallest amount of ash and sulphur that I have yet found 
in a Irituminous coal." 

Of the Lower Hignite coal he reports as follows: 

''This is a very valuable coal of its class for the manufacture of gas and 
coke; it is easily distilled and yields up a large amount of illuminating matter 
per ton and affords at the same time 12.12 himdred weights per ton of first-class 
coke. It is, in short, without one detracting feature. Compared with Main 
Lesmahagow cannel coal, represented by 100, this coal is equal to 70.25. The 
coal is better adapted for gas than for kiln coke manufacture.'' 

Of the Bear Creek cannel coal he reports as follows: 

"This is a cannel coal of exceptional value, as it is one of remarkable light- 
giving power and purity, yielding, as it does, a sperm value of illuminating 
matter amounting to 2,068.09 pounds per ton, while at the same time affording 
a light and spongy coke of excellent quality. The coal contains a very small 
percentage of both water and sulphur. Compared with the Main Lesmahagow 
cannel coal, represented by 100, this coal is equal to 137.11.'' 

In regard to the Bear Creek cannel coal, the following table is published in 
the mine inspector's report for 1899: 

Results of testis of Bear ( reel: cannel coal. 



I.«e8Uiahagow 

Tyne Boghead 

Newbattle 

Falling Rock 

Bear ('reek (Log Mountains) 

Pineville Coal Co/s (north of Pine Mountain) Boghead 
WillafoM 



' Gas pKfr toil 
I of coal, in 
I cubic feet. 



13, 201 
13,115 
12, 461 
14, 210 
14,(530 
15,805 
15,835 



Volume of 

K««,Sn»t«nd- f„"^„\;3i' 
of Hperm. 



Illumiiiat- 



ard candles. 



34. 52 
38. 22 
:^.34 
36. 15 
41.24 
36.26 
44.55 



1,562 

1,723 

1,509 

1,761.51 

2,069 

1,964.87 

2, 418. 68 



Coke per ton 

of coal, in 

pounds. 



1,019 
1,301 

983 
1,178 

995 
1,089 

995 



41__Xo. 49— <W»- 



-17 
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Ciompared with the Main Lesmahagow cannel coal, represented by 100, 
Falling Rook cannel is equal to 11:2.07, Bear Creek cannel is equal to 137.11, 
and Pineville-Willaford cannel is equal to 148.31. The above analyses are all 
from reports made by Mr. George R. Hislop, gas engineer, Paisley, kScotland. 
For comparison with these it uisly be stated that 1 ton of the famous Breckenridge 
cannel coal yielded in pounds of sperm, 2,407. 

THICKNESS OF COAL. 

The two principal factors determining the workability of a coal are its quality 
and thickness. Of these, the quality is of first importance. The question as to 
what constitutes a workable thickness in all cases will depend upon the quality to 
a greater or less extent. Many of the western coals, which are of somewhat lower 
grade than the Appalachian coals, are not considered workable under an average 
thickness of 3^ to 4 feet, except in such districts as are not well situated as regards 
transportation facilities for bringing in the higher-gi'ade coals from the east. On 
the other hand, where the coal is of unusually good quality, it ma}- be worked down 
to below an average thickness of 2 feet. Thus in the Illinois field the higher, or, 
as they are locally called, bituminous coals are seldom worked commercially unless 
they reach a thickness of 4 feet. The block or semiblock coals of the same field, 
which are of a slightly better grade, are extensively worked in many mines where 
the average thickness is not over 3 feet; but as a rule in such mine« work is 
discontinued as soon as the coal has thinned down to from 28 to 30 inches. In 
contrast with that, the Blue Gem seam, in the Jellico district of Kentucky and 
Tennessee, which is just being developed, has, it is claimed, an average thickness 
of onl}^ 22 inches, but as it is a ver}^ high-grade domestic coal it is found profitable 
to mine it even with as low a thickness as that. The main 'Mellico vein •' of the 
Jellico field is said to have an average thickness of about 39 inches. Again, its 
excellent quality makes its mining profitable. 

One of the large mines in central Pennsylvania is working a coal 2i feet 
thick on the average, and this same bed has been worked in this and adjacent 
mines down to a thickness of 17 inches before mining was stopped. The famous 
Pittsburg coal bed of Pennsylvania, Maryland, West Virginia, and Ohio, while 
often having a total thickness of 10 to 12 feet, has a workable thickness of only 
from 4 to 10 feet, possibly averaging about 7 feet. In this case the lx)ttom coal 
and the roof coals are not worked. At its type locality in the Ormsby mine, at 
Twenty-first street, Pittsburg, the total thickness of the coal below the ''over" 
clay is 01 J inches, including 14 inches of bottom coal, the Iwttom coal usually not 
being mined. In the New River field the Quinnimont-Fire Creek coal lies in 
swamps or basins, in which the coal ranges from 3 to 5 feet in thickness, but such 
swamps are usually surrounded by areai* in which it is very much thinner and in 
places is wanting altogether. At many of the mines it is worked down to 2 feet. 
The Sewell coal, in the same field, ranges from a maxima of 5 or 6 feet to 2 feet 
6 inches or less going down New River. 

From what has been said it is evident that coals of the quality of the coals of 
this district may be considered to be workable when from 2i to 3 feet thick, and 
in exceptional cases ma}' be workable when 2 feet thick. In these figures we are, 
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of course, considering conditions as they will probably exist in the immediate future. 
Undoubtedly still thinner coals will be worked at the distant. future. Compared 
with these thicknesses we find the Mingo coal, at present being worked west of 
Middlesboro, Co range from 4 to 6 feet in thickness. The Klondike coal, where 
being worked, would be pratically 6 feet thick; the Hance coals, in the Hance 
district, to i*ange from 4 to 5 feet in thickness; the Harlan coal to show usually a 
single bench more or less nearly 4 feet in thickness, often 1 or more feet of 
• additional coal that ma^^ or may not be taken. The Wallins Creek coal, in the eastern 
part of the field, shows a single bench from 5 to 7 feet in thickness. The other 
coals, both in the eastern and western district, will undoubtedly show large areas of 
coal from 8 to 4 feet thick, and probabl}^ still larger areas, in which the workable 
part of the bed will be from 2 to 3 feet thick. 

In regard to the volume of coal the figures already given in the body of the 
text are suflBciently comprehensive and need not l)e repeated here. It need be 
only recalled that the Harlan coal in the Harlan, Martins Fork, and Upper Puckett 
districts has been computed to show an area of almost 100 square miles "of coal, 
the larger proportion of which is believed to be workable. 

DEVELOPMENT AND MINING METHODS. 

As previously stated, the period of actual development in the Cumberland 
Gap coal field extends back a little more than ten years. The Mary Hull 
mine at Chenoa was opened in November, 1893. The Bryson miine was opened 
in 1890, and by 1895 there were running the Biyson Mountain, Mingo Nos. 1 
and 2 mines. Reliance mine, and the Fork Ridge mine. As near as could be 
learned, the Bennett Fork mine was opened in 1896, the Excelsior mine in 1898, 
and the Mary Hull cannel-coal mine was abandoned July 21, 1899. The Ralston 
mines have been opened up since 1899. Yellow Creek mine was opened January 
8, 1902, the Nicholson mine opened in the fall of 1902. During 1903 openings 
were made at the Mingo No. 1 mine upon the Poplar Lick bed; at the Nicholson 
mine upon the Klondike bed; above the Fork Ridge mine on Puncheon Camp 
Bi-anch on the Lower Hignite seam; also on Stony Fork by the Sagamore Coal 
Company, by Luke and Drummond, and in Coal Branch of Stony Fork by the 
Ralston (yoal Company; also the Turner mine near Middlesboro. In the winter 
of 1903-4 an opening was also made on Bryson Mountain by the Sterling Coal and 
Coke Company. The above list gives all the mines upon a commercial scale in 
this district. Small mines have supplied local needs, and have been opened at 
a number of points, especially several on the Harlan coal near Harlan. In most 
cases these small openings have not gone in more than 50 to 75 feet from the 
outcrop, though a few of them have gone in 200 or 300 feet. Most of the coals 
of the district are fairly soft, so that a good miner can get out five tons without 
the use of powder. The common pmctice in the district is to use 8-foot entries, 
60-foot pillars along the main entries, 40-foot pillars along cross entries, and 14. 
to 15-foot pillars between rooms. Rooms range from 200 to 275 feet in length, at 
the average width of about 22 feet. An 8-foot neck is driven in 35 feet before 
turning the room. The larger mines depend mainly upon fans for ventilation, 
though at an early day furnaces were entirely depended upon. Most of the 
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openings upon the coals are so high above the level of the railroad switch that 
the coal is sent down to the railroad upon an incline, for which purpose most 
of the mines use monitors. In sqine cases the same incline is used for more 
than one seam. 

In regard to the possibilities for future development, at present such develop- 
ment must largely depend on the future extension or construction of railway lines. 
A new switch was building in 1902-3 up Stony Fork, on which three new mines wei'e 
being loc^ated at the same time. This switch should give access to some of the coal 
on the north side of Stony Fork and to much of the coal on the south side. Most 
of the coal in the ridge between Stony Fork and Clear Creek could probably best 
be reached by a switch on Little Cleai* Creek, as from that position entries could be 
driven upon the coal along the center of the syncline, thus securing drainage and 
easy haulage from both directions. Plans are under wa}- for the construction of 
a road up Cumberland River as far as Harlan. Should this branch be built, 
undoubtedly other branches would in a short time follow up the main tributaries, 
such as Hance, Williams, Toms, Puckett, Forrester, and Wallins creeks, and no 
doubt within a short time up the three main forks of the Cumberland — Martin, 
Clover, and Poor. At the present writing the prospect of this road seems favor- 
able, so that when completed practically all of the coal within the area studied should 
have available transportation facilities. With such facilities it is possible to foresee 
an almost unlimited future development of this field. 

MARKETS AND TRANSPORTATION. 

Xaturalh" this coal field will have no competition in supplying any demand 
within the field or in the part of the (Jreat Valley immediately e^ist along the lines 
of railroad passing through Cumberland Gap. Within a short distance, however, of 
Cumberland Gap the coals of this district will come into competition with the coals 
of the Jellico district and the Big Stone Gap distri(»t. In a general way it may be 
said that this district, in conjunction with the Big Stone Gap district and the Jellico 
district, will supply the Great Valley through the northern half of Tennessee; in 
general, through western North Carolina, the northwestern half of South Carolina, 
and northern Georgia, the three districts mentioned and the coals of the Chattanooga 
districts will have to compete among themselves, and in this competition for most 
purposes the coal of this district will probably be able to hold its own. 

For domestic purposes the coal of Jellico has already attained an enviable 
reputation. For the rest of North Carolina and the northeastern part of South 
Carolina the four fields mentioned will have to compete with the northern 
Appalachian fields. For a considerable part of the rest of South Carolina and 
the central part of Georgia these fields will compete with the Birmingham field 
of Alabama. 

The following schedule shows the freight rates to a immber of points within the 
market district already cited. The rates given are for short tons and are from 
Middlesl)oro. An additional amount of 50 cents should be added (in case of the 
present mines) to Middlesboro. 



MINERAL RESOURCES OTHER THAN COAL. 
Freight rates from Middlesboro, 

Coal. Coke. '| 



(Savannah, Ga $2. 05 

Charleston, a C i 1.90 

AtIaute,Ga 1.40 

Chattanooga, Tenn .76 

Sheffield, Ala | 1.80 

Isabella, Tenn 1.20 

Knoxville, Tenn i .50 

Athens, Tenn .80 

Columbus, Ga i 2.05 

Bnmswick, Ga : 2. 05 

Cedartown, Ga 1 [ 1. 40 

Anderson, S. C 2.07 



$2.00 

2.00 

1.45 

.70 

1.25 

1.30 

.55 

.90 

2.10 

2. 15 I 

1.45 ! 



Anderson, Ala 

Asheville, N. C 

Birmingham, Ala 

Bristol, Tenn 

Macon, Ga 

Columbus, Ohio: 

Slack and run of mine . 

All other kinds 

Louisville, Ky 

East St. Louis 

Mobile, Ala 



Coal. 

1.40 . 
2.37 L 
1.40 . 

1.20 ;. 

1.85 i. 

.90 '. 
1.05 . 
1.10 . 
2.00 . 
2.90 :. 
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Coke. 



MINERAL RESOURCES OTHER THAN COAL. 

/ 

OIL AND GAS. 

On account of the nearness of this field to the recently developed oil fields 
of Kentucky — Knox and adjacent counties — the question of the presence of oil 
and gas in this field is one that is frequently brought forward. In several places 
traces of oil have been found upon the surface of pools along the streams, 
particularly at low water. Generally the showing was very slight. In one case 
on Catron Greek, reported after the completion of the field work in 1903, it is 
said that considerable oil showed. A few wells have been drilled for oil; one of 
these is in the town of Middlesboro, Ky., and one on Bear Creek in the Log 
Mountains; other wells have been drilled for water. In all cases these found 
water, but no oil or gas in any quantity. While it can not be asserted that no 
oil or gas will be found in this district, a theoretical consideration of the- 
>*tructure of the field leads to a strong doubt of either of those substances ever 
being, obtained there. On account of the upturned position of the rocks in Pine 
and Cuinberland mountains, opportunity has been given theoretically for the 
escape of the more volatile hydrocarbons, and through the structure within the 
field, as on Brush Mountain, Rocky Face Mountain, and probably many minor 
faults scattered through the field which were not seen, due to the stresses and 
movements to which the rocks here have been subjected, abundant opportunity 
has been gmnted the hydrocarbons to escape. 

BUILDING STONE. 

As is usually the case with Coal Measure sandstones, the sandstones of this 
district are usually shaly and seldom suitable for building purposes. No sand- 
stones were seen within the limits of the basin proper that suggested the 
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existence of desirable building stones, except on the very flanks of the basin in 
Pine and Cumberland mountains. Here the sandstones of the Lee formation are 
upturned, and in places these sandstones are sufficiently pure to make an enduring 
stone, if stones of suitable color can be found. A small amount of stone was 
noticed on the trail over Laurel Hill from ne4ir the Seven Sisters of Cumberland 
to a little above Wasiota, and at several places along the mountains these 
sandstones gave promise of stones suitable for rough structural purposes, with a 
possibility of some finer gray stone being obtained. On account of the lack of 
value of the coals in Pine and Cumberland mountains, a very small amount of 
work was done there, so that we do not feel prepared to indicate the position or 
extent of the stones there that may prove valuable for building stones, but 
simply to suggest their, presence and the desirability of further exploration in 
those areas. z 

SOILS. 

The soils of this region consist of the bottom lands along the Cumberland and 
its main tributaries, and the soils of the hillsides. The Cumberland Valley soils 
are fairly productive, considering the lack of limestone in the drainage area from 
which they are derived. The hillside soils ^-ield largely if properly cultivated, 
but as they must lie idle every other 3'ear and cultivation must be largely by 
hand, they can not be considered as desirable farming lands. It is a little 
surprising to find the soil on a hill slope so steep that it can not be plowed 
yielding from 60 to 80 bushels of corn to the acre, and continue to give a good 
yield for 20 or 25 years without fertilization if allowed to lie idle every other year. 

CLAYS. 

Although at present little considered, the clan's of this region may ultimately 
prove of as much value as the coals. Few shales were noted which appeared 
suitable for paving brick or similar purposes, the shales usually being sandy, 
or when containing but a small i^ercentage of silica, being fissile, or bituminous, 
or otherwise apparently not suitable for the manufacture of the products 
named. On the other hand, however, the clays found under the coals appear 
to be of excellent quality, and there is little doubt that in time their use for 
the manufacture of fire brick and probably for the manufacture of a large variety 
of clay products will be one of the most valuable assets of this field. In a 
genei*al wa}' the presence of fire <*lay, and in many cases its thickness has been 
noted in connection with the coal. It is probable that special tests will have to 
be made of the fire clan's to determine at what horizons these present the most 
suitable characteristics for any desired purpose. In 1904 the Middlesboro Pressed 
Brick Company began the successful manufacture of fire brick, paving brick, and 
high-grade building brick. 

METALLIC MINERALS. 

As far as known, no metallic minerals in workable quantities exist in this 
field. We were shown a specimen of limonite of the Oriskany type, which was 
reported to come from the headwaters of Shillaly Fork. The whole of that 
fork WHS not examined, and it is possible that near the headwaters it has cut 
through the bottom of the Lee formation, but it hardly seemed probable that it 
could have cut down to the Oriskany. 
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WATER POWER. 

As already stated, the profile of most of the streams of this district is not 
favorable to the production of water power, though a majority- of them have a 
descent of from 1,000 to 2,000 feet. In most cases the larger share of that 
descent is close to the heads of the streams, where little volume has been attained. 
Two exceptions to that rule exist in the headwaters of Martins Fork and Shillaly 
Fork. On Shillaly Fork there is a fall of about 1,000 feet within a fraction 
of a mile where the creek turns from the southwestward across to a northward 
course in running into Clear Fork of Yellow Creek. No estimate was made of 
the volume of water, but it is certainly enough to furnish probably several 
hundred horsepower even in a dry season. Martins Fork has a similar fall, but 
it extends over a much greater distance. In this case it would be necessary to 
build a high retaining dam, and probably then to carry the water for some 
distance along the bank until a suitable head had been obtained. Small powers 
could possibly be obtained from some of the streams on the flanks of Pine 
Mountain or some of the other streams descending Cumberland Mountain. In 
most such cases the method of obtaining the power would have to be by the 
building of high impounding dams near the lower ^nd of the stream courses, 
selecting some point where the stream has cut through one of the massive 
cliflf-making sandstones. Small water power is now developed at a number of 
points along Cumberland River and its principal tributaries, and many small mills 
are to be found scattered in many of the smaller branches of the principal creeks. 
The power developed in these cases, however, can not be considered of commercial 
quantity. 

TIMBER. 

A large share of this area is at present covered with an excellent growth of 
timber, and much of the surface is probably too steep to be of value for other 
purposes than raising timber. In the district west of Middlesboro nearly or quite 
all the first growth of timber has been removed and a good second growth has 
sprung up. In the district east of Middlesboro the cutting has been selective. The 
black walnut has practically all been removed, including the stumps. At present 
the main lumbering is poplar, of which a large quantity and tine growth has existed. 
At the present rate it will take but a few years to completely exhaust tliis region of 
that valuable timber. Near Middlesboro considerable chestnut has been cut for the 
bark for tanning purposes. Farther to the east there is yet a large amount of tine 
timber, mainly chestnut and oaks. Trees with diameter of f i*om 3 to 4 and 5 feet 
are abundant. As before stated, it would seem that a large part of these mountains 
presents an ideal region for scientitic lumbering, the hill slopes being much too steep 
for practical farming, such farming as is done usually being at the ultimate expense 
of the soil, for after the exhaustion of the plant and food material in the soil, it is 
allowed to lie idle in such a way that a large share of it is gullied and washed away 
before a new growth of timber can be started to hold it in place. 
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section on, figure showing 120 

('ulture of Cumberland Gap n>gion 30-31 

Cumberland Gap, cause of 19 

coals at 35 

fault at 19 

location of 9,11 

rocks at 33-34 

section near 34 

Cumberland Gap coal, description of 1 15, 121-122 
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CamberUDd Gap coal, aection of, figure showing 120 

Cumberland Gap road, section on 34 

section on, figure showing 110 

Cumberland Mountain, coal in 119 

diastrophiam on 46-17 

erosion on ia-19 

location of 9 

rocks in 19,46,119 

structure of 9,46-48 

figures showing 48 

Cumberland peneplain, description of 16-17 

Cumberland Plateau, altitude of 16 

drainage of 16,30 

location of 14 

rocks of 14 

Cumberland Riyer, coalon 138,154 

coal on, analyses of 213 

coke from 214-215 

drainage to 9, 30 

faUof 20-22 

map showing 20 

history of 17,18 

rifHes in, cause of 22 

rocks on 35 

section on 138 

figures showing 152, 158 

tributaries of 9,30 

valley of, timber in, views of 216,218 

Cumberland River and Tennessee Railroad 82 

Cup Gap, rocks at 34 

D. 
Dark Ridge, coal of 114 

coal of, analysis of 1 14 

David Lee Branch of Wilder Branch, coal on, analysis 

of 182 

Davis, Charles Uenry, acknowledgment to 12, 13 

Day, John, place of, coal on 184 

Deadening Branch of Blacksnake Branch, coal on... 137,141 

analysis of 142 

Dean coal, correlation of 210 

Denny, John, place of, coal on 125 

Denny, William, place of, coal on 117-118 

place of, coal on, analysis of 118 

section on, figure showing 1 10 

DevelopmeJits, character of 10,221-222 

Devonian black shale, thickness of 37 

Dip, variations in 45-46 

Drainage, character of 9, 16-18,30 

origin of 17-18,27 

relation of structure and 30 

Duffield, Willard Ward, work of 12 

Durham, William, place of, coal on 122-123, 126 

place of, coal on, analysis of 123 

iM'ction on, figure showing 120 

E. 

Kads house, coal near 135 

Rlc'vations, summary of 9 

Klkhom coal, correlation of 209,211 

Klllott, R. H., measurements by 85,95, 103 

Ellis, riiram. plac« of , coal on 141-142 

place of, coal on, analysis of 142 

sf^ctlon on, figure shonving 130 

Ellis Branch of Blacksnake, coal on, anulysis of 142 

Ely, Anthony, place of, coal on 137 

place of, section on, figure showing 136 

English Creek, coals on 164 

s(*ction on lfiO-161 
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Enoch Branch, coal on 175 

Erosion, effects of 18-19 

Evans, John J., place of, coal on 100-101,103 

place of, coal on, analysis of 100 

section on, figure showing 84 

Evans, William K., pktoe of, coal on 96 

Evans farm, section on, figure showing 96,110 

Ewlng Creek, coals on 151-152 

section on 150 

figures showing 146, 152 

Ewlng Creek coal, correlations of 152-153 

occurrence of 148-150 

Ewlng Spur, coal in 16S 

Excelsior mine, coal of 114 

section at, figure showing 110 



Falling Rock coal, character of 219-220 

Falling Water Creek, erosion on 18 

Farmer, D. S., place of, coal on 166 

place of, section on, figure showing 160 

Farmer, G. F., place of, coal on 184,186 

place of, coal on, analysis of 186 

Farmer, Gill, place of, coal on 178 

place of, section on, figure showing 172 

Farmer, Millard, place of, coal on 183,184 

place of, section on, figure showing 174 

Farmer, Sherman, place of, section on, figure showing. 160 
Farmer, W. C, place of, coal on 166-168 

place of, coal on, analysis of 167-168 

section on, figure showing 160 

Farmers Branch of Martins Fork, coal on 166, 170 

coal on, analysis of 170 

section on, figure showing 172 

Farmers Branch of Slater Fork, coal on 184 

coal on, analysis of 186 

section on, figure showing 174 

Faulting, cause of 20 

location of 9,44 

Fee, Henderson, place of, coal on 179 

place of, section on, figure showing 172 

Fee, Stepheji, place of, coal on 197 

place of, coal on, analysis of 197 

section on, figure showing 196 

.Fee Branch of Catron Creek, coal on 175 

Fern Lake, coal on 66-67,80 

section near 65 

water supply from 25 

Fern Lake road, section on 65 

Field, Benjamin, place of, coal on 181-183 

place of, coal on, analysis of 181-182 

section on, figure showing 174 

Field work, character of 11-13,50-52 

Fitzhugh, O. D., measurements by 95-08, 106 

sootions by 39, 84 , 1 01 -103, 106 

figures showing 84,96 

Flat Top coals, analysis of 215 

Folding and faulting, occurrence of 9, 20, 44-fiO 

Fork Ridge, coal in 77 

Fork Ridge Coal and Coke Company, mine of 75 

Fork Ridge mines, coal at 70,75,77,81 

section at 70 

figure showing 58 

Fork Ridge sandstone, description of 39 

elevations of 81-82,94 

occurrence of 33,56,63, 71, 81-82,89,92-M 

Formations, ^descriptions of 38-14 

See aUo individual formations. 
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Forrester Creek, ooals on 42,146,152,156 | 

seetionB on 147 

flguree showing 146,152 ! 

Forrester Ridge, section on, figure showing 146 

Fossils, age of , 32 

collection of 12 

evidence of 65-66 

Fox Knob, coals in 150, 157 

hei«^tof 144 

section on, figure showing 146 

Frank Branch of Yocum Creek, coal on 168-169 

coal on, analysis of 169 

section on, figure showing 168 

Freight rates, schedule of 222-223 

Frost place, coal on 42, 196-197 

coal on, analysis of 197 

sections on, figures showing 192, 196 

G. 

Oabe Branch, section on, figure showing 160 

Gaps in Yellow Creek district, location of 109 

Gas, possibilities of development of 223 

Gas wells, drilling of 85 

Geography of Bennett Fork district 55 

of Cumberland Gap region 14-31 

of Hanoe district 119 

of Harlan district 158 

of Lower Puckett district 131 

of Martins Fork district 172-173 

of Stony Fork Clear Creek district 82 

of Upper Puckett district 189 

of Wallins Creek district 144 

of YeUow Creek district 109-110 

Geology, general, account of 31-50 

Geology of coals, account of 50-223 

George Branch of Yellow Creek, coal on 80 

Gilbert, Jesse, place of, coal on 165 

place of, section on, figure showing 160 

Gildersleeve, W. IL, on well data 25 

Gladeville sandstone, correlation of 208-209 

Glenn, L. C, office and field work of 11 

section by 39 

Grapevine Hollow of Bobs Creek, coal in 179 

coal in, analysis of 181 

Grays Branch of Martins Fork, coal on 176, 185 

coal on, analysis of 186 

section on, figlire showing 174 

Grays Knob, coal on 42, 172, 184-187 

coal on, analysis of 187 1 

heightof 172 ' 

rocks of 173 I 

section of 174-175 

figure showing 172 ' 

Great Valley, description of 14 , 

drainage of 16 

Green, D. H., place of, coal on 133 

place of, section on, figure showing 136 ; 

Green, Ellas, place of, coal on, analysis of 140 

Green, Gabe, place of, coal on 123-124 ' 

place of. section on, figure showing 120 ' 

Green, James L., place of, coal on 123-124, 128-130 j 

place of, coal on, analysis of 128-129 ' 

Green, Joseph, place of, coal on 127-129 

place of, coal on, analysis of 128-129 ! 

section on, figure showing 120 | 

Green, J. 8., place of, coal on 127 I 

Green, Lum, place of, coal on 122 I 

place of, section on, figure showing 120 | 
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Green, Pink, place of, coal on 125 

place of, section on, figure showing 120 

Grill, John, place of, coal on 165 

place of, section on figure showing 160 

Gross, B. F., place of, coal on 186 

place of, coal on, analysis of 186 

H. 

Uall, W. M., place of, coal on 186 

place of, coal on, analysis of 186 

section on, figure showing 174 

Hance coals, analyses of 118, 127,129,140,217 

correlations of 134-135, 140 

descriptions of 40,66, 117-118, 

12^129, 139-140, 151-155, 163, 175-178, 194-195,221 

elevation of 130 

occurrence of 33,87, 121, 131, 134, 190 

sections of 124 

figures showing 110, 120 

summary of 129, 143 

view of 126 

See also Lower llanoe coal; Upper Hance coal. 

Hance Creek, coal on 122, 124-126 

coal on, analysis of 123, 128-129 

rocks on 120, 130 

section on, figure showing • 120 

Hance district, access to 119 

coals of 121 

analyses of 122-123,129 

summary of 129-130 

geography of 119 

sections in 121 

figure showing 120 

stratigraphy of 119-121 

structure of 130 

Hance formation, coals of 66-67, 

134-138, 151-155, 163, 175-178, 194-195 

coals of, analyses of 128-129, 178 

sections on, figures showing 174, 196 

correlations of 207 

descriptions of 33, 37-38, 119-121 

occurrence of 30, 1 10, 119 

outcrop of, view of 22 

sections of 56, 121 

figures showing 146,190 

Hance Ridge, coal in 123, 125-128 

rocks in 120 

sections on, figures showing 120 

structure of 130 

Hanging Rock, location ot 43 

Harlan, section near 162 

Harlan coal, analyses of 167, 181 , 197-198,210-217 

character of 10 

correlations of. 134, 140,209 

description of 40, 

151-152, lG3-ir>8, 178-181, 193, 195-198,221 

map of 104 

measurements of 30 

occurrence of 30, 40, 

47, 149-152, 159-101, 163, 172-175, 190, 194 

openings on, views of 162 

sections of, figures showing 146, 160, 174, 190, 194, 196 

summary of 171,188.205 

Harlan district, coals of 162-171 

coals of, analyses of 167-171 

summary of 171 

geography of 158 

location of 158 
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Lower Hignite coal, description of 76-77, 103-104, 219 

elevation of 82 

occurrence of 81, 83-85, 87-»,91-©3 

mctionii of, flgures showing 66,84 

See also Hignite coals. 

Lower Puckett district, coals of 133-143 

coals of, summary of 143 

geography of 131 

location of 131 

name of 131 

sections In 131-133, 136-138 

plates showing 130, 134, 136 

stratigraphy of 131-133 

structure of 14»-144 

Luke and Drumniond mino, coal at 99, 102 

sections at, figures showing 84,96 

Lumbering, view showing 218 



McCreath. A. 8.. analyses by 76. 116. 118, 128-12U, 140-141, 

154, 156, 167, 180-182, 186, 107. 200. 202-204. 212-215 

McCreath ami d'lnvUlicrs, measurements by 114, 

128,151-153,155,166,200 

on coal correlation 208 

report of 42.52.112.186.212-214 

sections by 67, 

68,71.73-75,90-01.97. Ill, 113. 116-118, 170. 185-187 
figures showing 56. 58, 84. 1 10. 152, 158, 160 

McGuire coal, correlation of 210 

Mahlan Branch. See Lower Double Branch. 

Major Branch of Clear Creek, coal on 97-98 

sections on. figures showing 96 

Map of Harlan coal 164 

of Log Mountains mining district 11 

showing location of markets and railroads 222 

Map, economic, of Cuml)erlan<l Gap coal field Pocket. 

Map. index, of Cuml)erland Gap coal field 12 

Maps, preparation of 11-12,53-55 

Markets for Cumberland Gap coal, location of 222 

location of, map showing 222 

Marlor, R., place, coal near 117 

Marsh, G. C, work of il 

Mart Heads, coal near 98 

section at, figure showing 96 

Martin, F. W., place of. coal on lOl 

Martin Branch of Stony Fork, coal on 74-75. 77-78, 102 

rocks on 41, 43 

section of 61-62 

figures showing 56, 82. 174 

Martins Fork, coals on 176, 194-195 

coals on. analysis of 181 

fall of 20-21. 162. 193.225 

loi>ation and character of 172 

rocks on 38. 158 

sections on. figures showing LV*. 160, 172, 174, 196 

Martins Fork district, access to 173 

coals of 175-188 

analyses of 176. 178, 181-182, 186-188 

summar>' of 188 

views of ' 176, 178 

geography of 172-173 

location of 172 

sections in 1 74-176 

figures showing 172,174,190 

stratigraphy of 173-176 

structure of 18^180 

Mary Hull mine, data concerning 94,221 

Mason coal, analysis of 218 
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Mason coal, correlations of 85-88,94 

description of 95-06,210 

occurrence of 85-87,94 

section of, figure showing 84 

See aUo Mingo coal. 

Mendenhall, Walter C, on West Virginia geology 207 

Metallic minerals, occurrence of 224 

Meyers, Jim, coals of, section of 67 

Middle Fork of Hignite Creek, rocks on 43 

Mlddlesboro, coal near, character and development of. 10 

coal near, view of 224 

Iron near, view of 224 

water supply of 25 

Mlddlesboro plain, description of 23-29 

origin of 26-28 

sections on, figures showing 24,25 

topography of 23-29 

Middleton, Samuel, place of, coal on 165 

place of, section on, figure showing 1€0 

Mill Branch of Martins Fork, coal on. analysis of 186 

rocks on 173,185 

sections on, figures showing 172, 174 

Mill Creek of Puckett, coal on 135 

sections on, figures showing •. , . 130,136 

Mineral resources, account of 223-224 

Mines, method of operation of 221-222 

opening of, dates of 221 

position of 55 

Mingo coal, analyses of 72,96,218 

correlations of 86-88,90,94,200-211 

description of 38-39,69-?2,95-96, 114,219,221 

elevation of 81 

extension of 71 

occurrence of 33. 56, (iO.62-63, 81. 87-88,01-92. 114,211 

sections of 69-71 

flgun»s showing 58,110 

summar>' of 79 

Mingo formation, coals of 33,68-73,94-97,121. 

138-142,151-155,163-170. 178-184. 195-202 

coal at top of 183-184,201 

description of 33,38-40,94,121 

occurrence of 110,119 

section of 56 

figures showing 84, 120,146,190 

Mingo mine, coal at 39,70,75-76,81 

sections at 62-63, 70 

figures showing 66, 58 

Mingo Mountain, coals of 41,77 

coals of, analysis of 72 

rocks at 80 

sections of 62, 67 

Miracle, Andy, place of. coal on 123, 126-126, 130 

place of, sections on, figures showing 120 

Miracle. Elijah, place of, coal on 128, 130 

place of, section on, figure showing 130 

Miracle. Harvey, place of. coal on 142 

place of, coal on, analysis of 142 

section on, figure showing 130 

Miracle, Julia, place of, coal on 126, 130 

place of. section on, figure showing 120 

Miracle, J. M., place of, section on. figure showing 130 

Miracle, Levi, place of, coal on 140 

place of, section on, figure showing 130 

Miracle, W. O., place of, coal on 128, 130 

place of, section on. figure showing 120 

Miracle coal, occurrence of 88,96 

Mlssissipplan rocks, thickness of 37 

Moore Knob, gap near, elevation of 27 
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Moore Knob Ridge, coal on Ill 

Morse, Judge, place of, coal on 139,140 | 

place of, coal on, analysis of 140 

Moses Lake Hollow, coal In 98 i 

Myer, James, place of, section at, figure showing 58 | 

N. 

Naese cliff, location and character of 33,35 • 

view of 36 

Naese sandstone, description of 35, 119, 146 

elevation of 130 , 

occurrence and character of 33.35,86,119,146 ' 

section of, figure showing 146 , 

views of 36 I 

Napier, E. V., place of, coal on 177 

place of, section on, figure showing 174 

Napier, John, place of, coal on 180-182 ; 

place of, coal on, analysis of 181 ' 

section on, fl^re showing 172-174 | 

Napier, Morris, place of, coal on 196-197 , 

place of, coal on, analysis of 197 

section on, figure showing 196 | 

Neal. Henry, place of, coal on 185-186 

place of, coal on, analysis of 186 | 

section on, figure showing 174 

New Cabin Creek. See Puncheon Camp Creek. j 

New River coal field, coal of, thickness of 220 | 

Newbattle coal, analysis of 219 

Newman limestone, occurrence of 33,46 

N ich ol son mine, coal at 39, 69-70 , 72-75 

sections at 60-70 

figures showing 46,58 

Noe, D. F., place of, coal on 152-153 

place of, sections on, figures showing 136 

Noe, Thomas, place of, coal on 152 

place of, section on, figure showii^ 136 

Noland, place of, coal on 164 

Norwood, C. J., cooperation with 13 

Nowell.n.. work of 11,12 

Numbers of coal mines, prospects, and outcrops 54 

O. i 

Oil, occurrence of 223 | 

on wells, drillhig of 85 | 

Oldhouse Branch of Martins Fork, coal on 197, 1P9 

coal on, analysis of 197 

section on, figure showing 192 

Orogenic movements, occurrence of 28 

Osbum, Myra, place of, coal on 196 

place of, coal on, analysis of 197 

sections on, figures showing 192, 196 

Osbum, Stephen, place of, coal on 167-168 

place of, coal on, analysis of 167-168 

section on, figure showing 160 

Osbum Branch, coal on 166 

section on, figure showing 160 



Pace, Stephen, mine of, coal of 180-181 

mine of, coal of, analysis of 181 

section on, figure showing 172 

Pansy, sections near, figures ahowlng 172, 174 

Pansy coal, sections of, figures showing 158 

Path Fork of Puckett Creek, coal on 138, 141 , 19.^, 201 

coal on, analysis of 142 

section on 133 

figure showing 130, 190, 196 

Peneplains, occurrence and character of 16-17,23 

Peimiiigton place, coal on 167-168 

41— No. 4»— 00 18 
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Pennington place, coal on, analysis of 167-168 

Pennington shale, thickness of 33-34 

Pennsylvania gas coal, analysis of 215,217 

Peter, Robert, analyses by 76, 100, 112-113, 116, 129, 

140, 154, 156, 167, 177-178, 182,200,203-204.212 

Physiographic relations of Cumberland Gap field 14 

Physiography, factors controlling 14-15 

Physiography, general, discussion of 14-18 

Physiography, local, discussion of 18-30 

Pierce. C. E., work of 12 

Pigeon Roost Fork, coal of, analysis of 72 

PUot Rock, location of 43, 173 

Pine Hill opening, coal at 141 

section at, figure showing 130 

Pine Mountain, coals In 133 

coals In. views of 138 

erosion on 18-19 

fault on 49-50 

location of 9, 18 

rocks of 32,119 

sections on, figures showing 136 

structure of 9, 18,45 

topography of 19 

Plneville Gap, elevation of 9 

Pine vUle-WUlaf ord coal , character of 219-220 

Plney Spur, coal on 104, 133 

Plneville, mining near 209 

Pinnacle, section at 34 

Pitnmns Creek, coal on 122, 126, 127 

coal on, analysis of 122, 128-129 

rocks on 120 

section on 127 

figure showing 120 

Pittsburg coal, thickness of 220 

Piatt Fork of Terry Fork, coal on 152 

rocks on 1 45 

section on, figure showing 152-146 

Polk Branch of Little Clear Creek, coal on 96, 

98,101,103,107-108 

sections on, figures showing 84,96 

Polk Hollow. 5«< Polk Branch. 

Poor Fork, coals on 1 164,168, 160,208 

rocks on 38 

section on 150-160 

figures showing 158, 160 

Poplar Lick coal, analysis of 100,218 

correlations of 42,205,210-211 

description of 74,97-100,218-219 

elevation of 81-82 

map of 52 

occurrence of 33,36,58,61-62,83,85,87-89,91-93 

sections of, figures showing 56,82,96 

summary of 79, 108 

Pottsvillo group, character of 9 

occurrence of 32,206 

Powell Valley anticline, location of 44 

Pounding Mill Branch of Puckett Creek, coal on 136 

Pounding Mill Branch of Slater Fork, coal on 1 78, 182 

rocks on 173 

section on. figure showing 172 

Proctor, John R., measurements reported by. 177, 180, 182, 185 

sections by, figures showing 172, 174 

Production of field 10 

Puckett coal, analyses of 123 

character of 37 

correlations of 110-1 12, 121 , 134-136, 151 , 195 

descriptions of 1 16-117, 123, 134-138 

measurements of 30 

occurrence of 37 , 131-133 , 1 44 
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Puckett coal, position of 37,134 

sections of 136,137 

figures showing 110,120,136 

Puckett Creek, coals on 42,134,138,10H97,a02 

rocks on 42,190 

section on 133 

figures showing 130,136,190,192,196 

Pocket t district. See Lower Puckett district; Upper 
Puckett district. 

Puckett sandstone, correlations of 206-209 

description of 40,131,145,190 

occurrence of 33, 131, 146, 147-148, 160, 173-174, 190-192 

section of, figure showing 190 

Puncheon Camp Branch of Little Clear Creek, cdal on. 81, 101 

rocks on 81 

section on, figure showing 84 

Puncheon Camp Creek, coal on 70,73,76,77-78 

rocks on 43 

section on 69 

figure showing 56 

PursifuU, George, place of, coal on 124,126,128,129 

place of, coal on, analysis of 128-129 

sections on, figures showing 120 



Quinnimont-Fire Creek coal, thickness of 220 

R. 

Railroads, access by 10,22,31,66,222 

freight rates of 222-223 

location of, map showing 222 

Ralston coal, occurrence of 86 

Ralston mines, coal at 30,60,71-72,73-74,81,96,99 

sections at, figures showing 68,96 

Ramsey coal, occurrence of 84,95 

section of, figure showing 84 

Recent earth movements, evidence of 60 

Red Oak Branch, coal on 76 

section on, figure showing 66 

Red Spring coal, analyses of 107 

coke from, analysis of 107 

correlation of 211 

description of 43,78,106-106 

elevation of 82 

occurrence of 33, 66, 61, 83, 88-90 

position of 63 

section of , figure showing 66,82,84 

summary ol 79 

Red Spring aandstane, description of 43 

Reliance mine, coal at 81 

Rex coal, oondatloo ol 210-211 

oocorreneeof 36 

Reynokis Mountain, coal on 143 

cliffs on 40,131 

rocks on 41,43 

sections on. figures showing 130, 146 

Reynokis sandstone, description of 43, 146 

occurrence of 131, 146, 147, 150-160, 162, 173-176 

section of, figure showing 146 

Rich Mountain coal, correlation of 210-21 1 

Richardson, J. C, aid of 12 

measurements by 43,52,66,78 

sections by, figures showing 56 

Risner, Phelan, place of, coal on 126-130 

place of, coal on, analysis of 128-129 

coal on, section of 127 

Risner, Richard, place of, coal on 128, 129 

place of, coal on, analysis of 128-129 
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Roads, character of 31 

Robbins, J. C, place of, coal on 115-117, 118, 125 

place of, coal on, analysis of 118 

sections on, figures showing no, IX 

Rockhouse Branch of Stony Fork, coals on ... . 96,98-09, 102 

rock 8 on 41 

section on 92 

figures showing 82,96 

Rocks, character of 31-33 

effect of. on topography. 19-20 

Rocky Branch of Slater Fork, coal on 183, 184 

section on, figure showing 174 

Rocky Face Mountain, character of 10 

coals on 112 

fault on 47-^ 

structure of, figure showing 49 

Rogera, W. B., on Coal Measures 2O6 

S. 

Sagamore Coal Company, mine of 99 

section on, figure showing 96 

Saltlog Hollow of Lick Branch, section on, figure 

showing 192 

Sam Low Branch, coal on 127 

coal on, analysis of 128-120 

Sam Low Branch road, sections on, figures showing. . 120 

Sandstone Parting coal, analysis of 73 

correlation of 211 

description of 38,39,72-73,96-07 

elevation of 81-82 

occurrence of 33,56,68,60,62,81,84,87-00,02,94 

sections of, figures showing 58,82,84 

summary of 79 

Sang Branch of Walllns Creek, coal on 42, 

151-153,155,156,202,204 

section on 191 

figures showing 152, 190, 102 

Sargent, John, place of, coal on 164 

Sawmill Ridge, coal in 112 

Saylora, Jerry, pUlce of, coal on 196 

place of, section on, figure showing 196 

Saylora Creek, rocks on 145 

Schooley peneplain, description of 16 

Sections of coals, method of representing 54 

See also particular eoalt. 

Seven Sistera, formation of 36, 119 

view of 36 

Sewell coal, thickness of 230 

Sewell formation, correlations of 207 

Shackleford, James, place of, coal on 196 

Shade Branch of Bennett Fork, coal on 76,76 

coal on, analysis of 76 

Shaler, N. 8., on faults 49 

Shillaly Fork, coal on 121 

faUof 20,226 

fault on 47 

section on, figure showing 120 

Skidmore bank, coal at 166-168 

Slater Fork, coal on 175, 178, 181, 188 

coal on, analysis of 181 

sections on, figures showing 146, 172, 174 

Slater sandstone, correlation of 200 

description of 40 

occurrence of 33,40,150,160,173-174 

sections of, figures showing 146, 190 

Slemp, C, place of, coal on 160 

place of, section on, figure showing 168 

Slickrock Branch of Stony Fork, coals on 73-76,77,87 
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Sliokrock Branch of Stony Fork, rocks on 41 

• sectionon 60 

flgares Bhovlng 56,58,82 

Slope topography, character of 2^-30 

Sluaher, Abraham, place of, coal on 136, 139 

place of, section on, figure showing 136 

Slusher, Ransom, place of, section on 210 

Slusher heirs, place of, coal on 139, 140, 141 

place of, coal on, analysis of 140, 142 

section on, figure showing 136 

Smith, coal near 177 

Smith, Granville, place of, coal on 42, 

196, 197, 199, 200, 201 , 203, 204 

place of, coal on, analysis of 200 

Smith, O. W., place of, coal on 177,178,180,182 

place of, coal on, analysis of 177-178, 182 

section on, figure showing 172 

Smith, M. B., place of, coal on 166 

Smith, W. M., place of, coal on 165-168 

place of, coal on, analysis of 167-168 

section on, figure showing 160 

Smith 7-foot coal, analysis of 200 

occurrence of 199 

Smith 11-foot coal, analyses of 187,204 

correlations of 42, 205 

deecripUonof 42-43,186-188,203-204 

occurrence of 33,148,174-175,190-191,194 

sections of, figures showing 146, 152, 174, 190, 192 

summary of 205 

Soils, character of 224 

Southern Railway, access by 10, 31, 55 

Sowders, Ben, place of, coal near 103 

Sowder Creek, coal on 99, 141 

section on, figure showing 96 

Spenopteris tenella Brongn., occurrence of 184 

Sprague, T. W., workof 11-13 

Standard bituminous coals, analyses of 215 

Standingup Fork of Hobbs Branch, section on, figure 

showing 152 

Steam Mill Branch of Catron Creek, coal on 196 

coal on, analysis of 197 

section on, figure showing 196 

Steve Branch, section at, figure showing 56 

Stevenson, J. J., on Pottsville group 207 

Stockton coal, correlations of 207 

Stone, building, occurrence of 223,224 

Stone Coal Branch of Brownies Creek, coals on 139, 140 

coals on, analysis of 140 

sections on, figures showing 136 

Stony Fork, coals on 71,96,99, 102-104 

profile of 21 

rocks on 39, 41 

sections on, figures showing 56,82,84,96 

Stony Fork-Clear Creek district, access to 82 

coals of 94-97 

analyses of 104, 106 

summary of 108 

correlations in 86-89 

geography of 82 

location of 82 

map of 109 

sections of 83-94 

figures showing 82,84,96 

stratigraphy of 82-92 

structure of 109 

Stony Fork Ridge, sandstone on 71 

profile of 21 

section on 93 
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Stony Fork Valley, stereogram of 21 

Straight C reek , section on 210 

Straight Creek mines, fossils at 200 

Stratigraphy, general statement of 31-44 

of Bennett Fork district 55-66 

of Cumberland Gap region 31-44 

of Hance district 119-121 

of Harlan district 158-162 

of Lower Puckctt district 131-133 

of Martins Fork district 173-175 

of Stony Fork-Clear Creek district 82-94 

of Upper Puckett district 190-193 

of Wallins Creek district 145-151 

of Yellow Creek district 110 

outline of 9 

Streams, erosion of 20 

faUof 20,225 

future adjustment of 18-19 

Structure of Appalachian Province 44 

of Bennett Fork district 80-82 

of Cumberland Gap coal field 44-50 

of Cumberland Mountain 46-47 

of Hance district 130 

of Harlan district 172 

of Lower Puckett district 143-144 

of Martins Fork district 188-189 

of Stony Fork-Clear Creek district 109 

of Upper Puckett district 205-206 

of Wallins Creek district 157-158 

of YeUow Creek district 118 

Sugan Branch, section on 71, 75 

section on, figure showing 56 

Sugar Creek Branch of Bear Creek, coal on 104 

coal on, analysis of 104 

Sugar Hollow Branch of Cranes Creek, coal on 115 

Sugar Run, topography north of 109 

Sullivan, G. M., reference to 41 

Summit topography, discussion of 18-20 

Sulphur, occurrence of 76 

T. 

Table of formations 33 

Tanyard Hill, coal In 140 

section on, figure showing 136 

Tennessee, Campbell County, coal field in ii 

Claiborne County, coal field In 11 

Terrys Fork of Wallins Creek, coals on 149-156 

coals on, analysis of 156 

sections on 14^150 

figures showing 146, 152 

Terr>'s Fork coals, analyses of 154 

descriptions of 153, 154 

occurrence of 146, 150, 153-154 

position of '. 37 

sections of, figures showing 152 

Thickness of coal, effect of, on workability 220 

Thomas, George, place of, coal on 179 

place of, section on, figurt' showing 172 

Thomas place, coal on 139 

Thompson, Sampson, place of, coal on 122 

place of, section on, figure showing 136 

Thruston, R. C. Ballard, samples collected by 113, 

129. 154, 155, 15G, 177. 182. 1S8, 200, 203, 204 

sections by, figures showing 110, 152 

Timljcr, occurrence and character of 225 

views of 216, 218 

Timber Ridge Branch of Martins Fork, coal on 197 

coal on, analysis of 197 
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r^nAwc SiApr Bimadi ci Manias Fork section on, 

%=a<e abovias 196 

?inz2» 5Taae&<>< Porkiect Creek, section on 191 

«rtj:a :c fipu^ showing 190, 196 

7inoC::w^<«M:soo 136,138-141,195 

«*i» re. Asslyasof 140,142 

mttirx. flc 132 

%ares shoving 130,136 

T-vyK^zftpfer. description of 9,12,14-30 

^ M:i<I>sboro Plain 23-29 

Udapn 29-30 

<#faB3iita 18-20 

■-^T*2*!7f 20-23 

€KS2iSlt oi 9 

Tcnrr Cnek. sections on, figures showing 172 

7a» Fork of Wallins Creek, coal on 42,204 

J-aAiT nirw, eoml at 68 

•Reci<oiD on, figure showing 68 

T-asz^ ^MmL oorrelation of 134 

4MtTlptii^>n of 115, 134 

SHes«^ycs of, figure* showing HO 

Tsr=*T. OMbUr plMCK of. coal on 166 

T-SfS^T. W.AMtn, jiMCP: rA, crml (m 168-169 

piM^ '4. wtiiif^ on, figure showing 158 

Tirwr hriktjf.t.. «e*i on 67 

•••ttv^. ^^. titpir*: flhfmin^ 58 

Tirwr'V-ifcU. '*Arsrt*Tof 37 

<?r.niKat*/-.r4i f4 66, 110-112 

Afnt^.^.^A^JC, ^4 66-67 

1UIM0 "4 . 37 

wnr,-»rv> '.<,, 37,56,80 

•wtfcArt -.f . . , 67 

n^vt*** ttv/yW-ftC" 58 

•unm***? '"^ 

If v-i^r «*T»* '•/■k** *i , 

«w»ftA« '*n ^.vs% tbt'/vtac 

'?u'.i^^>l*^ v.**'* 

«w^i«%tt 'vn Jt^v^ HU/wing 

7 M"iH#%*^ ;t^«<u*A. w*; *m 

':• M«r.^ < «••'* 'f/.^tttit '* 

'ifMMAMi *«ufc.7*»'^ 171,186 

*^#.»vt 173 

«M4&«v4 V*. 162 

%HCvf*^ mjMinn^ 156, 160, 172 

-«,-'<»- ^>v^tuM^,;r.votk*4 12 

-^f/u* j|>Mi:uk«^««J^dtiani«ief of 220 

t'. 

r >9^ ^..-vUDi*- l^nMUKii^ cmmI on 178 

M»f.«V4i*vk t|gW0es lll«//wing, 172,196 

', y^^ iJ4HUMr 4/>«J . *jt]f:»niKmm '4 132 

•M^.Ai&tf v*i . i4gw«iM» i*i/ni1fig 136 

4y/ i*c«i/ MsAM* «f/«ls. 

*ry^* ii4^iJuU'^jtU,tum$ymmt4 106 

ii*;«<riyuv«*'>f 104-106,165-156 

wt>WMi«Mi">f , 83-86,91 

m^i^^^M^ *4 105 

ti^*M* 0U^wi%m 84 

*r S0^^ Vy^'gjA.i *Ml.fUA, mf*»tm Ut 189 

<Am^-4 194-205 

MA^/^^^4 106,197-198,200-201,203-204 

mMMMffy *4 . .,,, 205 

|^/^/»i«'/ *4 189 

^^0*^,K'4 189 

i^A 190-193 
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Upper Puckett district, sections in, plates showing . . 190, 

192,194,196 

stratigraphy of 190-198 

structure of 206-206 

V. 
Valley topography, character of 20-23 

W. 

Wallins Creek, coals on 42, 151-153, 202 

coals on, analysis of 156 

description of 22 

profile of 21 

rocks on 42. 145 

sections on 148, 192 

figures showing 152. 190, 192 

stereogram of 21 

valley of, physiography of, plates showing 20,22 

WalUns Creek coal, analyses of 156, 171, 186,203,215.217 

correlations of 42, 150-161 , 207-210 

description of. 42, 143, 155-157, 170-171, 184-186, 202-203, 221 

occurrence of 33,87, 

131, 143, 145, 147-148, 159-160, 162, 173-175, 190-194,205 

sections of, figures showing 130, 146. 152, 158, 174, 192 

summary of 157,171,188,205-206 

Wallins Creek district, access to 144 

coals of 151 

analyses of 156 

summary of 157 

geography of 144 

location of 144 

sections In 147-150 

plates showing 146, 152 

stratigraphy of 145-151 

structure of 157-168 

Wartbuig folio, coals of 211 

Water, depth to 25 

Water power, occurrence of 225 

Weathering, differential, view of 28 

Webb Gap, coal at 96 

sections near, figure showing 96 

Wells, data concerning 25,28,39 

Westmoreland gas coal, analysis of 215, 217 

White, David, corr^atlons of coal by 206 

section at Big Creek Gap by 36 

work of 12,66-66.151,184 

White, David, and Ashley, George H., on correlation of 

coals 206-212 

White, I. C, on West Virginia geology 206 

White Sow Branch of Hance, coal on 122, 123, 126 

section on, figure showing 120 

Wilder Branch of Martins Fork, coal on 180-182 

coal on, analysis of I8I • 

section on, figure showing 172, 174 

Williams Branch, coal on 116-117, 125 

rocks on 120 

sections on, figures showing no, 120 

Williams Spur, coal in 123 

Wilson, Robert, place of, section on, figure showing. . . 136 

Wilson place, coal on 138 

Winona mine. See Bennett Fork mine. 

Wolfpen Branch of Hance, coal on 122-124 

section on, figure showing 120 

Wright, C. C, place of, coal on 117 

place of, section on, figure showing lio 

Y. 

Yellow Creek, average analyses of coals on 313 

changes In 26 
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Yellow Creek, character of .•- . . . 23 

coals on 111-114 

fall of 27-28 

rocks on 38,119-120 

section on 63 

figures showing » . . 1 10 

Yellow Creek district, access to 109-1 10 

coals of 110-118 

analyses of 111-1 14, 116, 1 18 

coke from 214 

geography of 109-110 
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Yellow Creek district, sections in, figure showing 110 

stratigraphy of 110 

structure of 118 

Yellow Crock mine, coal at 60.72-73,81 

rocks at 81 

sections at 63-04.69 

figures showing 58 

well at 39 

Yellow Creek sandstone, description of 38, 119-120 

occurrence of 33, 38, 86, 1 10, 130, 147-148. I.tO, 160 

section of, figure showing 161 
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Harlan district, sections in 159-162 

sections in, plates showing 158, 100 

stratigraphy of 158-162 

structure of 172 

Harlan sandstone, correlation of 212 

Harris place, coal on 178 

section on, figure showing 160 

Harter Branch of Cubage Creek, coal on 126 

section on, figure showing 120 

Hawls, Frank, place of, coal on 168 

place of, section on, figure showing 158 

Hayes, C. W., reference to 15 

Hensley, Bert, place of, coal on, analysis of 197 

place of, section on, figure showing 190 

Hensley, F. S., place of coal on 180-181,183 

place of, coal on, analysis of 181 

section on, figure showing 172 

Hensley, G. W., place of, coal on, analyses of 197-198 

Hensley, Hh-ani, place of, coal on 198,200 

place of, coal on, analysis of 200 

section on, figure showing 174, 192 

Hensley, Milton, place of, coal on 156 

Hensley, Samuel, place of, coal on, analysis of 197 

place of, section on, figure showing 196 

Hensley, Washington, place of, coal on 196-198 

place of, coal on, analysis of 197 

section on, figure showing 196 

Hensley, W. S., place of, coal on 179, 181-182 

place of, coal on, analysis of 181 

sections on, figures showing 172, 174 

Hignlte coals, analyses of 104, 106 

correlation of 211 

description of 43,7t>-77, 103-106 

occurrence of 56, 5^-60,87, 144-146 

sections of, figures showing 82,84 

sununary of 79, 108 

See also Lower Hignite coal; Upper Hignite coal. 

Hignite Creek, coal on 43,96-98,103-107 

coal on, analysis of 104,106,107 

rocks on 41 , 43, 94 

section on 90-92 

figures showing 82,84,96 

Hignite formation, coals of 33, 

76-78,102-108,143,157,194 

description of 33,43-44 

section of 56 

figures showing 5(>, 146, 190 

Hislop, George K., analyses by 218-220 

on various coals 95-96, 100, 104,216-217 

Hobbs Branch of Wallins Creek, coals on 42, 152-156 

coals on, analysis of 156 

section on, figure showing 146 

section on .' 148-149 

HobbsMUl sectionat 133 

Hodge Elias, place of, coals on 139 

Hodge, J. N., on correlation of coals 209 

Hoskins , E. , place of , section on . tigare showing 136 

Hoskins, Hiram, place of, coal on Ill 

place of, section on, figure showing « 110 

Hoskins Branch of Brownies Creek, coal on 139 

section on, figure showing 136 

Hoskins coal analysis of Ill 

correlation of 112 

Howard, Adrian, place of, coal on 154 

Howard F. B. , place of , coal on 168 

Howard. Green Bailey, place of, coal on 153 

place of, section on, figure showing 152 
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Howard, James, place of, coal on 187-188 

place of, coal on, analysis of 188 

Howard, J.esse, place of, coal on 146 

place of, section on, figure showing 152 

Howard, J. B., place of, coal on, analysis of 167-168 

place of, section on, figure showing 158,160 

Howard, J. C, place of, section on, figure showing... 167-168 
Howard, Mrs. L., place of, coal on 154-155 

place of, section on, figiu^ showing 152 

Howard, Palestine, place of, coal on ! 135 

place of, section on figure showing 136 

Howard, Robert, place of, coal on , section of 137 

Huff, James, place of, coal on 165-168 

place of, coal on, analysis of 168 

sections on, figures showing 136, 160 

Hurricane Branch of Clear Fork Branch , coal on 76 

Hurricane Fork, coal of, analysis of 72 

Hurst, coals near 177, 180 

folding near 47 

sections on, figures showing 172,196 

I. 

Illinois field, coal in, thickness of 220 

Imboden coal, correlations of 209,211 

Iron ore, reduction of 10,31 

Irving, Frank, place of, coal on 178-181 

place of, coal on, analysis of 181 

section on, figure showing 172 

Irving, Mahlan, place of, coal on 184,186 

place of, coal on, analysis of 186 

Irving Branch of Ewing Creek, coal on 151-152 

section on, figure showing 146,152 

J. 

Jackson MUl Branch of Puckett Creek, coal on. . 141,196,199 

coal on, analysis of 142 

sections on, figures showing 192,196 

Jackson Mountain, coals in 40,87,139-142 

coals in, analyses of 140,142 

section on, figure showing 130 

Jellico, mining at 209 

Jellico coal , correlations of 209-210 

thickness of 220 

Jerry Gap, coal near Ill 

Jesse Creek , coals on 151 , 155 

rocks on 41,145-146 

section on 147 

figures showing 146, 152 

Jesse sandstone, description of 41-43, 146 

occurrence of .' 33, 

87, 131, 145, 150-160, 162, 173-174, 192-193,202 

sections of, figures showing 146, 190 

Jim Meyers coal, section of 67 

figure showing 58 

John Ball Branch, coal on, analysis of 197 

John Branch of Catron Creek coal on 196-200 

coal on, analysis of 200 

sections on, figures showing 192, 196 

Johnson, Mack, place of, coal on 141-142 

place of, coal on, analysis of 142 

Johnson, Robert, place of, coal on 139,141 

place of, sections on figures showing 130, 138 

Jones, Green mine of 163,167-168 

Jones Branch of Catron Creek section on 102 

sections on figures showing 190, 192 

Jones Creek coal on 166,168 

sections on, figures showing 158,160 
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I^twor IliK»it«' c<)n1. doncription of 76-77, 103-104,219 

HcvHtlon of 82 

tHHMirn»m'o of 81.83-«5,87-»,91-«3 

rnH'tlons of. flgun*(i nhowing 66,84 

Sff at*o Uigniio oohIm. 

1k»\(*it Pwkt'tt (JiHtrlot. cohIh of 133-143 

c^mH of, nunittmry of 143 

giHtgriiphy of 131 

loi'Htion of 131 

immo of 131 

wvtlonn in 131-133, 136-138 

plHtoB Mhowing 130. 134. 136 

NtrHtlKrHphy of 131-133 

«t rut't iin» of 1 4»-144 

I.iiko H\u\ 1 >rumnioi)(l iniii(\ coal at 09, 102 

wM'tloiiH Ht. flgun^n showing 84,96 

I.iiintH*rtnK. vlow Nhowing 218 



MH'n'Mth. A. S..analy8eiil)y 76, 116, 118. 128-i:», 140-141, 

IM. 1.W, 167, I80-1H2. 186, 107, 200, 202-204, 212-216 

Mt"<*n'Mtli ami (rinvllllcrs. moasiirements by 114, 

128,161-163.166,166,200 

mi ooal oorn'latlon 208 

n-port of 42,62. 112. 186.212-214 

Mvi'tlonN l)y 67, 

iw. 7I,7;t-76.W>-»I,07. Ill, 11.3, 116-118, 170, 185-187 
(lKun*!< Hhowing 6(S.58,84. 110, 162. 168, 160 

M»-( I III rv »'oal. corrt'latlon of 210 

Matilan liram-h. Srr Lower Douhlo Brandi. 

Major Hranch of Cloar ('nH»k, coal on 97-^ 

jMTtlons oil. figures nhowing 96 

MHp of Harlan coal 164 

of l.ojf Mountains mining diNtrict 11 

.Hhowing location of markets and railroads 222 

Map. economic, of C'umborlaml (Jap coal field Pocket. 

Map. liKlex, of Cumberland Gap coal field 12 

Maps. pn»paratlon of 11-12,53^55 

MarketH for Cumberland Gap coal, location of 222 

location of, map showing 222 

Marlor. U.. place, coal near 117 

Marsh, <«. ('.. work of 11 

Mart Heads, coal near 08 

s«H'tlon at. figure ahowing 96 

Martin, F. W., place of, coal on 101 

Mart in Hranch of Stony Fork, coal on 74-76. 77-78, 102 

r(H'ks on 41, 43 

section of 61-62 

figures showing 56, 82, 174 

Martins Fork, coals on 176, 194-195 

coals on. analysis of 181 

fall of 30-21. 162. 193,225 

location and character of 172 

HH'ks on 38. 158 

se<^tions on. figun>s showing l.W, 100, 172, 174, 196 

Martins Fork district, access to 173 

I'oalsof 176-188 

analys«'s of 176, 178, 181-182, 186-188 

summary of 188 

views of ' 176, 178 

geography of 172-173 

location of 172 

sections in 174-176 

figures showing 172, 174, 190 

stratigraphy of 173-175 

structuro of 188-180 

Mary Hull mine, data concerning 94,221 

Mason coal, analysis of 218 
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Mason coal, correlations of 85-88,94 

description of 95-96,219 

occurrence of 86-87,94 

section of, figure showing 84 

See aUo Mingo coal. 

Mendenhall, Walter C, on West Viiiginla geology 207 

224 
67 
43 
10 
224 
224 
26 



Metallic minerals, occurrence of 

Meyers, Jim, coals of, section of 

Middle Fork of Hlgnlte Creek, rocks on 

Middlesboro, coal near, character and development of. 

coal near, view of 

iron near, view of 

water supply of 

Middlesboro plain, description of 23-29 

origin of 26-28 

sections on. figures showing 24,25 

topography of 23-29 

Middleton, Samuel, place of. coal on 165 

place of, section on, figure showing IGO 

Mill Branch of Martins Fork, coal on, analysis of 186 

rocks on 173,186 

sections on, figures showing 172, 174 

Mill Creek of Puckett, coal on 135 

sections on, figures showing •. . . 130, 136 

Mineral resources, account of 223-224 

Mines, method of operation of 221-222 

opening of, dates of 221 

position of 55 

Mingo coal, analyses of 72,96,218 

correlations of 86-88,90.94,209-211 

description of 38-39,69-72,95-96, 114,219,221 

elevation of 81 

extension of 71 

occurrence of 33. 66, (50,62-<V3. 81, 87-88.91-92, 114,211 

sections of 69-71 

figures showing 68,110 

summary of 79 

Mingo formation, coals of 33,68-73,94-97,121. 

138-142,161-166.163-170, 178-184, 195-202 

coal at top of 183-184,201 

description of 33,38-40,94,121 

occurrence of 1 10, 1 19 

section of 56 

figures showing 84, 120, 146, 190 

Mingo mine, coal at 39,70,73-76,81 

sections at 62-63,70 

flgtires showing 56, 58 

Mingo Mountain, coals of 41,77 

coals of, analysis of 72 

rocks at 80 

sections of 62,67 

Miracle, Andy, place of. coal on 123, 12i^l26, 130 

place of, sections on, figures showing 120 

Miracle, Elijah, place of, coal on 128, 130 

place of, section on, figure showing 130 

Miracle, Harvey, place of, coal on 142 

place of, coal on, analysis of 142 

section on, figure showing 130 

Miracle, Julia, place of , coal on 126,130 

place of, section on, figure showing 120 

Miracle. .1. M., place of, section on, figure showing 130 

Miracle, Levi, place of, coal on 140 

place of, section on, figure showing 130 

Mirade. W. O., place of, coal on 128, 130 

place of, section on, figure showing 120 

Miracle coal, occurrence of 88,96 

MIssissippIan rocks, thickness of 37 

Moore Knob, gap near, elevation of 27 
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Moore Knob Ridge, coal on Ill 

Morse, Judge, place of, coal on 139, 140 

place of. coal on. analysis of 140 

Moses Lake Hollow, coal in 98 

Myer, James, place of, section at, figure showing 58 

N. 

Naese cliff, location and character of 33,35 

view of 36 

Naese sandstone, description of 35, 119, 146 

elevation of 130 

occurrence and character of 33,35,86,119, 146 

section of, figure showing 146 

views of 36 

Napier, E. V., placo of, coal on 177 

place of, section on, figure showing 174 

Napier, John, place of, coal on 180-182 

place of. coal on, analysis of 181 

section on, figure showing 172-174 

Napier, Morris, place of, coal on 196-197 

place of, coal on, analysis of 197 

section on, figure showing 196 

Neal, Henry, place of, coal on 185-186 

place of, coal on, analysis of 186 

section on, figure showing 174 

New Cabin Creek. See Puncheon Camp Crpek. 

New River coal field, coal of, thickness of 230 

Newbattle coal, analysis of 219 

Newman limestone, occurrence of 33,46 

Nicholson mine, coal at 39,69-70,72-76 

sectionsat 69-70 

figures showing 46,58 

Noe, D. F., place of, coal on 152-153 

place of, sections or, figures showing 136 

Noe, Thomas, place of, coal on 152 

place of. section on, figure showing 136 

Noland, place of, coal on 164 

Norwood, C. J., cooperation with 13 

Nowell, H., work of 1 1, 12 

Numbers of coal mines, prospects, and outcrops 54 

O. 

Oil, occurrence of 223 

OU weUs, drilling of 85 

Oldhouse Branch of Martins Fork, coal on 197, 199 

coal on, analysis of 197 

section on, figure showing 192 

Orogenic movements, occurrence of 28 

Osbum, Myra, place of, coal on 196 

place of, coal on, analysis of 197 

sections on, figures showing 192, 196 

Osbum, Stephen, place of, coal on 167-168 

place of, coal on, analysis of 167-168 

section on, figure showing 160 

Osbum Branch, coal on 166 

section on, figure showing 160 

P. 

Pace, Stephen, mine of, c'»al of 180-181 

mine of, coal of, analysis of 181 

section on, figure showing 172 

Pansy, sections near, figures showing 172, 174 

Pansy coal, sections of, figures showing 1 58 

Path Fork of Puckett Creek, coal on 138, 141, 19.s,201 

coal on, analysis of 142 

section on 133 

figure showing 130, 190, 196 

Peneplains, occurrence and character of 16-17,23 

Pennington place, coal on. 167-168 

41— No. 49—0(5 18 
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Pennington place, coal on, analysis of 167-168 

Pennington shale, thickness of 33-34 

Pennsylvania gas coal, analysis of 215,217 

Peter, Robert, analyses by 76, 100, 112-113, 116, 129, 

140. 154, 156, 167, 177-178, 182,200,203-204,212 

Physiographic relations of Cumberland Gap field 14 

• Physiography, factors controlling 14-15 

Physiography, general, discussion of 14-18 

Physiography, local, discussion of 18-30 

Pierce. C. E., work of 12 

I Pigeon Roost Fork, coal of, analysis of 72 

PUot Rock, location of 43,173 

; Pine Hill opening, coal at 141 

I section at, figure showing 130 

! Pine Mountain, coals hi 133 

coals in, views of 138 

erosion on 18-19 

fault on 49-50 

! location of 9,18 

rocks of 32, 119 

i sections on, figures showing 136 

structure of 9, 18, 45 

I topography of 19 

I Pincville Gap, elevation of 9 

PineviUe-Wiliaf ord coal , character of 219-220 

! Phicy Spur, coal on 104,133 

I Pineville, mining near 209 

Pinnacle, section at 34 

Pitmans Creek, coal on 122, 126, 127 

coal on, analysis of 122,128-129 

rocks on 120 

section on 127 

figure showing 120 

Pittsburg coal, thickness of 220 

Piatt Fork of Terry Fork, coal on 152 

rocks on 1 45 

section on, figure showing 152-146 

Polk Branch of Little Clear Creek, coal on 96, 

98,101,103,107-108 

sections on, figures showing 84,96 

Polk Hollow. Se^. Polk Branch. 

Poor Fork, coals on 164, 168, 160,208 

rocks on 38 

section on 150-160 

figures showing 158, 160 

Poplar Lick coal, analysis of 100,218 

correlations of 42,205,210-211 

description of 74,97-100,218-219 

elevation of 81-82 

map of 53 

occurrence of 33,36,58,61-62,83,85,87-89,91-93 

sections of, figures showing 56,82,96 

summary of 79, 108 

Pottsville group, character of 9 

occurrence of 32,206 

Powell Valley anticline, location of 44 

Pounding Mill Branch of Puckett Creek, coal on 136 

Pounding Mill Branch of Slater Fork, coal on 178, 182 

rocks on 173 

section on. figure showing 172 

Proctor, John R., measurements reported by. 177, 180, 182, 185 

sections by, figures showing 172, 174 

Production of field 10 

Puckett coal, analyses of 123 

character of 37 

correlations of 110-112, 121, 134-136, 151, 195 

descriptions of 116-117, 123, 134-138 

measurements of ., 30 

occurrence of 37 , 131 - 133, 1 44 



286 



INDEX. 



Page. 

Puckett coal, position of 37,134 

■ectloMof 136,137 

figures showing 110,120,136 

Puckett Creek, ooals on 42,134,138,105-197,202 

rocks on 42,190 

section on 133 

figures showing 130,136,190,192,196 

Puckett district. See Lower Puckett district: Upper 
Puckett district. 

Puckett sandstone, correlations of 208-209 

description of 40,131,145,190 

occurrence of 33, 131. 145, 147-148, 160, 173-174, 190-192 

section of, figure showing 190 

Puncheon Camp Branch of Little Clear Creek, cdal on. 81, 101 

rockson 81 

section on, figure showing 84 

Puncheon Camp Creek, coal on 70,73,76,77-78 

rockson 43 

section on 59 

figure showing 56 

Pursifull, George, place of, coal on 124,126,128,129 

place of, coal on, analysis of 128-129 

sections on, figures showing 120 



Quinnlmont-Fire Creek coal, thickness of 220 

R. 

Railroads, access by 10,22,31,55,222 

freight rates of 222-223 

location of, map showing 222 

Ralston coal, occurrence of 85 

Ralston mines, coal at 39, 69, 71-72, 73-74, 81, 98, 99 

sections at, figures showing 58, 96 

Ramsey coal, occurrence of 84,95 

section of, figure showing 84 

Recent earth movements, evidence of 50 

Red Oak B ranch, coal on 75 

section on, figure showing 56 

Red Spring coal, analyses of 107 

coke from, analysis of 107 

correlation of 211 

description of 43,78,106-108 

elevation of 82 

occurrence of 33, 56, 61, 83, 88-90 

position of 53 

section of, figure showing 56,82,84 

summary of 79 

Red Spring sandstone, description of 43 

Reliance mine, coal at 81 

Rex coal, correlation of 210-211 

occurrence of 36 

Rejmolds Mountain, coal on 143 

cliffs on 40,131 

rocks on 41, 43 

sections on, figures showing 130, 146 

Rejrnolds sandstone, description of 43, 145 

occurrence of 131, 145, 147, 159-160, 162, 173-175 

section of, figure showing 146 

Rich Mountain coal, correlation of 210-211 

Richardson, J. C, aid of 12 

measurements by 43,52,56,78 

sections by, figures showing 56 

Risner, Phelan, place of, coal on 126-130 

place of, coal on, analysis of 128-120 

coal on, section of 127 

Risner, Richard, place of, coal on 128, 129 

place of, coal on, analysis of 128-129 



Page. 

Roads, character of 31 

Robbins, J . C, place of, coal on 115-1 17, 118, 125 

place of, coal on, analysis of 118 

sections on, figures showing no, 130 

Rockhouse Branch of Stony Fork, coals on 96,98-09, 102 

rockson 41 

section on 92 

figures showing 82,96 

Rocks, character of 31-33 

effect of, on topography 19-20 

Rocky Branch of Slater Fork, coal on 183, 184 

section on, figure showing 174 

Rocky Face Mountain, character of 10 

coals on 112 

fault on. . . ." 47-60 

structure of, figure showing 40 

Rogisn, W. B., on Coal Measures 2O6 

S. 

Sagamore Coal Company, mineof 90 

section on, figure showing 96 

Saltlog Hollow of Lick Branch, section on, figure 

showing 192 

Sam Low Branch, coal on 127 

coal on, analysis of 128-129 

Sam Low Branch road, sections on, figures showing. . 120 

Sandstone Parting coal, analysis of 73 

correlation of 211 

description of 38,39,72-73,96-97 

elevation of 81-82 

occurrence of 33,56,58,60,62,81,84,87-90,92,94 

sections of, figures showing 58,82,84 

summary of 79 

SangBranch of Walllns Creek, coal on 42, 

151-153,155,156,202,204 

section on 191 

figures showing 152, 190, 192 

Sargent, John, place of, coal on 164 

Sawmill Ridge, coal in 112 

Saylon, Jerry, pUlce of, coal on 106 

place of, section on, figure showing 196 

Saylon Creek, rockson 145 

Schooley peneplain, description of 16 

Sections of coals, method of representing 54 

See also partiaUar eoaU. 

Seven Slstera, formation of 35, 119 

view of 36 

Sewell coal, thickness of 220 

Sewell formation, correlations of 207 

Shackleford, James, place of, coal on 196 

Shade Branch of Bennett Fork, coal on 75,76 

coal on, analysis of 76 

Shaler, N . S., on faults 40 

Shillaly Fork, coal on 121 

faUof 20,226 

fault on 47 

section on, figure showing 120 

SUdmore bank, coal at 166-168 

Slater Fork, coal on 175, 178, 181, 188 

coal on, analysis of 181 

sections on, figures showing 146, 172, 174 

Slater sandstone, correlation of 200 

description of 40 

occurrence of 33,40,150,160,173-174 

sections of, figures showing 146,190 

Slemp, C, place of, coal on 169 

place of, section on, figure showing 158 

SUckrock Branch of Stony Fork, ooals on 73-75,77,87 



INDEX. 



287 



Page. 

Slickrock Branch of Stony Foric, rocks on 41 

• aectionon 60 

figures showing 56,58,82 

Slope topography, character of 2&-30 

Slusher, Abraham, place of, coal on 136, 130 

place of, section on, figure showing 136 

Slusher, Ransom, place of, section on 210 

Slusher heirs, place of, coal on 139, 140, 141 

place of, coal on, analysis of 140, 142 

section on, figure showing 136 

Smith, coal near 177 

Smith, Granville, place of, coal on 42, 

196, 197, 199, 200, 201 , 203, 204 

place of, coal on, analysis of 200 

Smith, G. W ., place of, coal on 177, 178, 180, 182 

place of, coal on, analysis of 177-178, 182 

section on, figure showing 172 

Smith,M. B., place of, coal on 166 

Smith, W. M., place of, coal on 165-168 

place of, coal on, analysis of 167-168 

section on, figure showing 160 

Smith 7-foot coal, analysis of 200 

occurrence of 199 

Smith 11-foot coal, analyses of 187, 204 

correlations of 42,205 

description of 42^43,185-188,203-204 

occurrence of 33, 148, 174-175, 190-191, 194 

sections of, figures showing 146, 152, 174, 190, 192 

summary of 205 

Soils, character of 224 

Southern Railway, access by 10,31,55 

Sowders, Ben, place of, coal near 103 

Sowder Creek, coal on 99, 141 

section on, figure showing 96 

Spenopteris tenella Brongn., occurrence of 184 

Sprague, T. W., workof 11-13 

Standard bituminous coals, analyses of 215 

Standingup Fork of Hobbs Branch, section on, figure 

showing 152 

Steam Mill Branch of Catron Creek, coal on 196 

coal on, analysis of 197 

section on, figure showing 196 

Steve Branch, section at, figure showing 56 

Stevenson, J . J., on Pottsville group 207 

Stockton coal, correlations of 207 

Stone, building, occurrence of 223,224 

Stone Coal Branch of Brownies Creek, coals on 139, 140 

coals on, analysis of 140 

sections on, figures showing 136 

Stony Fork, coals on 71,96,99, 102-104 

profile of 21 

rocks on 39, 41 

sections on, figures showing 56,82,84,96 

Stony Fork-Clear Creek district, access to 82 

coals of 94-97 

analyses of 104, 106 

summary of 108 

correlations in 86-89 

geography of 82 

location of 82 

map of 109 

sections of 83-94 

figures showing 82, 84, 96 

stratigraphy of 82-92 

structure of 109 

Stony Fork Ridge, sandstone on 71 

profile of 21 

section on 93 



Page. 

Stony Fork Valley, stereogram of 21 

Straight Creek, section on 210 

Straight Creek mines, fossils at 200 

Stratigraphy, general statement of 31-44 

of Bennett Fork district 55-66 

of Cimiberland Gap region 31-44 

of Hance district 119-121 

of Harlan dist rict 158-162 

of Lower Puckett district 131-133 

of Martins Fork district 173-175 

of Stony Fork-Clear Creek district 82-94 

of Upper Puckett district 190-193 

of Wallins Creek district 145-151 

of YeUow Creek district 110 

outline of 9 

Streams, erosion of 20 

f aU of 20, 225 

future adjustment of 18-19 

Structure of Appalachian Province 44 

of Bennett Fork district 80-82 

of Cumberland Gap coal field 44-50 

of Cumberland Mountain 46-47 

of Hance district 130 

of Harlan district 172 

of Lower Puckett district 14»-144 

of Martins Fork district 188-189 

of Stony Fork-Clear Creek district 109 

of Upper Puckett district 206-206 

of Wallins Creek district 157-158 

of Yellow Creek district 118 

Sugan Branch, section on 71, 75 

section on, fl^^ure showing 56 

Sugar Creek Branch of Bear Creek, coal on 104 

coal on, analysis of 104 

Sugar Hollow Branch of Cranes Creek, coal on 115 

Sugar Run, topography north of 109 

Sullivan, G. M., reference to 41 

Sunmiit topography, discussion of 18-20 

Sulphur, occurrence of 7G 

T. 

Table of formations 33 

Tanyard Hill, coal in 140 

section on, figure showing 136 

Tennessee, Campbell County, coal field in 11 

Claiborne County, coal field In 11 

Terrys Fork of Wallins Creek, coals on 149-156 

coals on, analysis of 156 

sections on 149-150 

flgurt's showing 146, 152 

Terrys Fork coals, analyses of 154 

descriptions of 153, 154 

occurrences of 146, 150, 153-154 

position of 37 

sections of, figures showing 152 

Thickness of coal, effect of, on workability 220 

Thomas, Georgts place of, coal on 179 

place of, section on, figure showing 172 

Thomas place, coal on 139 

Thompson, Sampson, place of, coal on 122 

place of, section on, figure showing 136 

Thruston, R. C. Ballard, samples collected by 1 13, 

129, 154, 155, 156. 177, 182, 188, 200, 203, 204 

sections by, figures showing 110, 152 

Timl>er, occurrpnee and charact<*r ol 225 

views of 216, 218 

Timbt^r Uidge Branch of Martins Fork, coal on 197 

coal on, analysis of 197 



288 



INDEX. 



Page. 

Timber Ridge Branch of Martina Fork section on, 

figure showing 196 

Toms Branch of Puckett Croek, section on 191 

section on, figure showing 190, 196 

Toms Creek, coals on 136, 138-141. 195 

coals on, analysis of 140, 142 

section on 132 

figures showing 130, 136 

Topography, description of 9, 12, 14-30 

of benches 29 

of Middlesboro Plain 23-29 

of slopes 29-30 

of summits 18-20 

of valleys 20-23 

outline of 9 

Town Creek, sections on, figures showing 172 

Trace Fork of Wallins Creek, coal on 42,204 

Tudor mine, coal at 68 

section on, figure showing £8 

Tunnel coal, correlation of 134 

description of 115, 134 

sections of, figures showing no 

Turner, Oabe, place of, coal on 166 

Turner, William, place of, ooal on 168-169 

place of, section on, figure showing 158 

Turner Branch, coal on 67 

section on, figure showing 58 

Turner coals, character of 37 

correlations of 66, 110-112 

description of 66-67 

name of 37 

occurrence of 37, 56,80 

section of 67 

figures showing 58 

summary of 79 

Turner mine, coal at 66-67 

section on, figure showing 58 

Turner place, coal on 165 

section on, figure showing 160 

Tumhole Branch, coal on 117 

Turtle Creek, coals on 166-171,179,185,186 

coals on, analyses of 171, 186 

rocks on 173 

section on 162 

figures showing 158, 160, 172 

Tyler, Nathaniel, jr., work of 12 

Tyne Boghead coal, character of 220 

U. 

Upper Double Branch, coal on 178 

sections on, figures showing 172, 196 

Upper Ilance coal, occurrence of 132 

sections on, figures showifig 136 

See alw Hanoe coals. 

Upper Ilignite coal, analyses of 106 

description of 104-106,155-156 

occurrence of 83-85, 91 

sections of 105 

figure showing 84 

See al90 Ilignite coals. 

Upper Puckett district, access to 189 

coalsof 194-205 

analyses ol 195, 197-198,200-201,203-204 

summary of 205 

goc^raphy of 189 

location of 189 

sections m 190-193 



Page. 
Upper Puckett district, sections in, plates showing . . 190, 

192, 194, 196 

stratigraphy of 190-193 

structure of 206-206 

V. 
Valley topography, character of 20-23 

W. 

Wallins Creek, coals on 42.151-153,202 

i coals on, analysis of 156 

description of 22 

profile of 21 

rocks on 42, 145 

sections on 148. 192 

figures showing 152. 190, 192 

stereogram of 21 

valley of, physiography of. plates showing 20,22 

WaUins Creek coal, analyses of 156, 171, 186,203.215.217 

correlations of 42,150-151,207-210 

description of. 42, 143, 155-157, 170-171. 184-186,202-203,221 

occurrence of 33, 87, 

131, 143, 145, 147-148. 150-160. 162, 173-175, 190-194. 205 

sections of, figures showing 130. 146, 152. 158, 174, 192 

summary of 157,171,188.205-206 

Wallins Creek district, access to 144 

coals of 151 

analyses of 156 

summary of 157 

geography of 144 

location of 144 

sections in 147-150 

plates showing 146. 152 

stratigraphy of 1 45-151 

structure of 157-158 

Wartbuiig folio, coals of 211 

Water, depth to 25 

Water power, occurrence of 225 

Weathering, differential, view of 28 

Webb Gap, coal at 96 

sections near, figure showing 96 

Wells, data concerning 25, 28, 39 

Westmoreland gas coal, analysis of 215.217 

White, David, correlations of coal by 206 

section at Big Creek Gap by 36 

work of 12,65-66.151,184 

White, David, and Ashley, George II., on correlation of 

coals 206-212 

White, I. C, on West Virginia geology 206 

White Sow Branch of Hancc, coal on 122, 123, 126 

section on, figure showing 120 

Wilder Branch of Martins Fork, coal on 180-182 

coal on, analysis of I8I • 

suction on, figure showing 172, 174 

Williams Branch, coal on 110-117, 125 

rocks on 120 

sections on, figures showing 110, 120 

WiUiams Spur, coal in 123 

Wilson, Robert, place of, section on, figure showing. . . 136 

Wilson place, coal on 138 

Winona mine. See Bennett Fork mine. 

Wolfpon Branch of Hanco, coal on 122-124 

section on, figure showing 120 

Wright, C. C, place of, coal on 117 

place of, section on, figure showing 110 

Y. 

Yellow Creek, average analyses of coals on 213 

changes in 26 



INDEX- 



239 



Page. 

Yellow Creek, character of .'.... 23 

coals on 111-114 

fall of 27-28 

rocks on 38,119-120 

section on 63 

figures shovring i . . 1 10 

Yellow Creek district, access to 109-110 

coals of 110-118 

analyses of 111-1 14. 1 Ifi, 1 18 

coke from 214 

geography of 109-110 



Page. 

Yellow Creek district, swtions in, figure showing 110 

stratigraphy of 110 

structure of 118 

Yellow Crock mlno, coal at 69. 72-73,81 

rocks at 81 

sections at 63-(i4, 69 

flgurps showing 58 

well at 39 

Yellow Creek sandstono, description of 38. 119-120 

occurr»-no«' of 3:j.38.86, 110, 130. 147-148, Vi), 100 

section of, flgun! showing 161 



Professional. Papi-r N'». HO 



Series B, Dfscnptivc G<>«:>lo«ry, 79 



J>Kr.\IiTMKNT ol- TIIK INTKKluR 

rXITEI) STATKS (iEOI.OCJK'AI. SI KVKY 

ri!AllM:< I». WAl.Cnn. Hki* roll 



'j; 1 1 v: 



TANA LOBE OF TFFE KEEWATIN 
ICE SHEET 



BY 



FI^KI). II. II. < A I.I LOOT 




WASH I N(JT()X 

<i < ) V i: K N M K N T V i: 1 N T 1 N <; < » r yw i: 

1 imm; 



Professional Paper No. 60 



Series B, Descnptive Geology, 79 



DEPARTMENT OF THE INTERIOR 

UNITED STATES GEOLOGICAL SURVEY 

CHARLES D. WALCOTT. DiRKCTOR 



THE 



MONTANA LOBE OF THE KEEWATIN 

ICE SHEET 



BY 



FRED. H. II. CALHOUN 




WASHINGTON 

GOVERN M K NT P R I N T I N (; OFFICE 

1 \) r» 



CONTEXTS. 



Page. 

Introduction 7 

General features of the area 8 

Location \ 8 

Problems present<»d 8 

Physiography 8 

Structure 9 

Gen ^ral geologj' 10 

Sedimentary rocks 10 

Igneous rocks 11 

Surface formations 13 

Quartzite gravels 13 

Character 13 

Distribution 13 

Drift of the mountain ice 14 

Distribution of the mountain glaciers 14 

Detailed descriptions of the mountain glaciers 15 

Sun River Glacier 15 

Deep Creek Glacier 16 

Teton River Glacier 17 

Muddy Creek glaciers 17 

Dupuyer Creek Glacier. / 18 

Sheep Canyon Glacier 18 

Blackfoot Glacier 18 

Cutbank Creek Glacier 20 

Milk River Glacier 20 

St. Mary River Glacier 21 

Drift of Keewatin ice sheet 22 

Terminal moraine 22 

Later moraines 26 

Character of the drift 27 

Ice surface 28 

Height 28 

Slope 28 

Drainage 28 

Lakes 28 

Character of the lakes 28 

Location of the lakes 29 

Lake in St. Mary Valley 29 

Lake in Two Medicine River Valley 29 

Lake in Teton River basin 29 

Lake in Missouri River Valley 30 

3 



4 CONTENTS. 

Drainage — Continued. Page. 

Rivers - 32 

Effect of mountain glaciers 32 

Effect of northeastern icei sheet 32 

St. Man- River 32 

Milk River 32 

Two Medicine River 32 

Birch Creek : 33 

Muddy Creek 33 

Teton River 33 

Missouri River 34 

Interrelations of surface formations 45 

The quartzite gravels and the two drift sheets 45 

The northeastern and the mountain drift sheets 46 

Deductions from interrelations 49 

Age of the quartzite gravels 49 

A.ge of the northeast<'m drift 52 

Evidence from erosion 52 

Evidence from topography of terminal moraine 53 

Evidence from relations of the two drift sheets 53 

The drift outside the terminal moraine 54 

Summar}- 56 

Index ^ ' 59 



ILLUSTRATIOXS. 



Paire. 

Plate I. Map of northern Montana, showing the glaciated area 7 

II. A, Perched concretion weathered from Cretaceous sandstone ; B, The Shonkin Sag 12 

III. Af Summit Pass and adjacent valleys; J?, Sun River Canyon 18 

IV. Af Eagle Butte nearly encircled by moraine of northeastern ice sheet; J?, Till section 100 feet 

high on Muddy Creek 26 

V. Map showing area covered by the Great Falls Lake and the position of the terminal and later 

moraines 30 

VI. A, Falls of the Missouri; B, One of the falls of the Missouri, showing amount of post-Glacial 

erosion 34 

VII. A, Water gap formed by Missouri River; B, Wind erosion near Dry Fork of Marias River 36 

Fio. 1. Section in tlie Canadian Rockies, showing thrust-fault ivlations of Cretaceous to Algonkian 

and Cambrian 9 

2. Section along the 49tli parallel, showing thrust-fault relations of Cretaceous to Algonkian 

and Cambrian 10 

3. Cross section sliowing relations between the two lake deposits in the Missouri Valley' west of 

Great Falls 30 

4. Longitudinal stH'tion showing relations of the lake deposits to the drift dam and the ice dam. . 30 

5. Section showing relation of the lacustrine clay to the gravels and till of tlie northeastern ice 

sheet 31 

6. Section on Belt Creek, showing the moraine covered l)v lake deposit 31 

7. Relative size of post-Glacial and pre-Glacial valleys of Two Medicine River 32 

8. Cross sections showing relative sizes of Two Medicine, Cut bank Creek, and Marias valleys. . 33 

9. Valley of the Missouri, sliowing post-Glaciul cutting in sandstone and drift 34 



ILLUSTRATIONS. 5 

Page. 

Fio. 10. Section showing the pre-Glacial valley of Missouri River 35 

11. Cross section showing the drift in the valley through which Ilighwood Creek now flows 37 

12. Map showing the pre-Glacial course of the Missouri between Sand Coulee and tlie mouth of 

Highwood Creek 37 

13. Kelations of the post-Glacial and the pre-Glacial channels of the Missouri between mouth of 

Highwood Creek and mouth of Little Sandy Creek 38 

14. Map showing outlines of the great pre-Glacial valley between Missouri and Milk rivers 39 

15. Map of the vicinity of Havre, showing the relation of the pre-Glacial Missouri to the valleys of 

the po«t-Glacial streams 39 

16. Map showing pre-Glacial river system of northern Montana 40 

17. Map showing drainage of northern Montana, when ice had maximum extent and also pre- 

Glacial river system 41 

18. Map showing drainage of northern Montana at stage of younger moraine 41 

19. Map showing post-Glacial drainage system of northern Montana, with a part of the pre- 

Glacial system 42 

20. Cross section of the Shonkin Sag at the time the ice was present 42 

21. Section across the Shonkin Sag, showing how it was formed on the slope of Highwood Moun- 

tains 43 

22. Sketch map showing how the Shonkin Sag was developed from pre-Glacial valleys 43 

23. Map showing in detail how the Missouri was forced across the valleys of Arrow, Judith, and 

Musselshell rivers 44 

24. Longitudinal profiled of Judith River and Dog Creek valleys 45 

25. Section on Birch Creek 46 

26. Section near mouth of Dupuyer Cre^k •. . . . 47 

27. Section on the Two Medicine at point where Summit Glacier crossed it 47 

28. Section on the Two Medicine 7 miles west of mouth 48 

29. Section on St. Mary RiVer near Sloan's ranch 48 

30. Section on St. Mary River north of Sloan's ranch 49 

31. Section on Belly River within the terminal moraine of the Keewatin ice sheet 49 



8 MONTANA LOBE OF KEEWATIN ICE 8HEET. 

GICXERAJL. FKATURE8 OF TETE AREA, 

LOCATION. 

The area covei*ed by this investigation lies along the eastern front of the Mon- 
tana Rockies, between longitude 108° and 113° 40', and latitude 47° 15' and 49° 30'. 
Over the eastern and northern part of this area the ice from the northeast deposited 
its drift. Over the western part the ice from the Rockies pushed down the moun- 
tain valleys and, deploying on the plain, deposited large and well-defined terminal 
moraines. Extending from the Canadian line to the Missouri there is a strip of 
country, varying greatly in width, which the ice did not cover. 

PROBLEMS PRESENTED. 

In studying this region four important subjects present themselves — the eastern 
drift, the mountain drift, the deposits on the intervening area (which was not 
glaciated), and the relations of these three surface formations to one another. In 
order that these relations may be clearly understood the physiography and the 
general geology of the region must be briefly considered. 

PHYSIOGRAPHY. 

The region may be divided into three physiographic provinces — the great plains 
that cover the eastern part of Montana, the foothill belt, and the Rocky Mountains 
proper. The plains begin at the edge of the foothills and slope eastward with sharp 
descent. At Midvale, near the base of the mountains, the elevation is 4,788 feet 
above sea level; at Blackfoot, 20 miles distant, 4,145 feet, giving a slope of 30 feet 
per mile; at Shelby Junction, 52 miles from Blackfoot, 3,279 feet. The fall between 
the last-named places is, therefore, 16 feet per mile. 

The foothill region separates the plains from the mountains. This confused 
mass of hills and ridges narrows as it extends southward until, at the mouth of Sun 
River Canyon, it disappears altogether and the mountain walls rise abruptly from 
the plains. The height of the foothills averages 1,000 feet, though many individual 
peaks measure 1 ,500 feet. 

As the foothills are distinct from the plain, so are the mountains distinct from 
the foothills. Towering above the smaller hills at their base, these mountains raise 
their nearly vertical faces 4,000 to 5,000 feet above the plain. 

The Rocky Mountain divide separates three drainage basins. A drop of water 
falling near the summit may be carried eastward by the tributaries of the Missouri 
to the Mississippi and the Gulf of Mexico, northward by St. Mary River or its tribu- 
taries into Hudson Bay, or westward by Flathead River into the Pacific. Of these 
three drainage basins this report is chiefly concerned with the first two. All the 
streams considered rise on the eastern slope of the Rockies, flow through deep 
mountain valleys with high, nearly vertical walls, across the foothills in deep, 
narrow canyons, and finally make their way across the plains in great U-shaped 
valleys whose forms suggest a long period of erosion. 

The region shows at least three periods of erosion, when the land stood at differ- 
ent levels. Running out from the numntains in a general eastward direction are 
plateaus 900 to 1,000 feet above the present level of the streams. These plateaus 
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GENERAL GEOLOGY. 11 

is well developed in Summit Pass and along the- face of the mountains generally. 
The Fox Hills beds are regarded as deposits of a stage existing between the marine 
conditions of the Pierre and the fresh-water conditions at the time of the Laramie, 
and were not identified. 

Concretions are found on the surface in great numbers, frequently arranged in 
belts extending uninterruptedly across the country (PI. II, A). 

These concretions are often found in the drift. 

IGNEOUS ROCKS. 

The continuity of the sedimentary series of the plain is interrupted by igneous 
outcrops in various parts of the region studied. Chief among these are the Sweet- 
grass Hills, igneous intrusions south of Sun River on the headwaters of the Muddy, 
the Highwoods, the Bearpaws, the Little Rocky Mountains, and the Larb Hills. 

The Sweetgrass Hills afford data for the solution of some of the glacial prob- 
lems of the region, and therefore deserve especial mention. These hills or buttes 
are usually spoken of as outliers of the Montana Rockies, but they are not such in 
any proper sense of the term. The Rockies were formed by a series of faults, 
while the Sweetgrass Hills are the result of igneous intrusions, which lifted the 
sedimentary layers and left them dipping at high angles from the central igneous 
core. The hills are three in number, known as East, Middle, and West buttes. 
Of these. West Butte is the highest, its summit being about 6,800 feet (aneroid) 
above sea level. The East Butte is several hundred feet lower, while Middle 
Butte, the smallest of the three, is but 6,000 feet in height. 

The igneous intrusions which formed these buttes may have belonged to the 
mountain-making period at the end of the Mesozoic, as volcanic activity was at 
this time great, or may be still younger. Gold, silver, and copper are found to 
some extent in the buttes, occurring in veins, usually along the contact between 
the sedimentary series and the intrusive mass. 

The area of igneous rock found south of Sun River is some 30 miles from the 
base of the mountains. It caps some of the high buttes between Sun and Missouri 
rivers. The easternmost outlier is found at Square Butte, in T. 20, R. 2 W. The 
rock is pyroxene-porphyry, rather dense and roughly columnar. It rests on a 
sandstone formation, which contains oyster shells and fine examples of the straight 
baculite shell. These fossils lie within a few inches of the contact and are perfectly 
preserv^ed. The sandstone shows scarcely a sign of metamorphism, even at the 
zone of contact. The lava flowed over a very uneven surface. On Square Butte 
the contact is 400 feet above the level of the plain; on Crown Butte the bottom 
of the porphyry is but 100 feet above the plain. 

The Ilighwood Mountains are the result of former extensive volcanic action. 
Early in the Eocene a great igneous mass pushed its way through the sedimentary 
layers to an unknown height above the plain. At the present time the mountains 
are much subdued by erosion and weathering, a number of peaks have been formed, 
and great buttes have been separated from the main mass of the flow. The moun- 
tains and the plains surrounding them have been cut by dikes, which radiate in all 
directions. ** 



a Weed, W. II., Description of the Fort Benton district: Geologic Atlas U. S., folio 55, U. S. Geol. Survey, 1899. 
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Just north of the Highwood Mountains lies a very peculiar valley, locally 
known as the Sag (PI. II, B), which extends from Highwood Creek Valley on the 
west to Arrow River Valley on the east. The Sag is 80 miles long and in many 
places is very wide and deep. Near Steele it is over a mile wide, with valley walls 
600 to 800 feet high. Its great size and peculiar course have led some geologists 
to consider it a pre-Glacial channel of the Missouri, but its close association with 
the ice edge suggests another interpretation, which will be discussed later. 

Directly northeast of Highwood Peak, the highest point of the Highwoods, 
and at a distance of some 70 miles, the Bearpaw Mountains rise above the plain. 
Like the Highwoods, these mountains are volcanic, being composed of lava flows 
resembling those which formed the Highwoods. Dike rock is less common, and as 
a whole the Bearpaws are older, being past their maturity. The range is made 
up of low rounded peaks separated from one another by wide fertile valleys. The 
two ranges are connected by a system of dikes, but it seems evident from the 
topography that if volcanic activity began at the same geologic period, the High- 
wood center continued active long after flow in the Bearpaw group had ceased. 

The Little Rockies, the most picturesque and interesting of the three moun- 
tain groups, are situated some 50 miles southeast of the Bearpaws. In contrast 
to the Bearpaws these mountains appear young. Mission Peak, the highest, 
stands 3,000 feet above the level of the plain. The valleys are narrow and canyons 
are not infrequent. The canyon through which the St. PauPs Mission-Landusky 
road passes is 5 miles long and often 500 feet deep. The central mass of the 
mountains is of porphyry, which is surrounded on all sides by limestone of Car- 
boniferous age. Cretaceous sandstone lies on the limestone and extends outside 
the limestone area, dipping away from it at a low angle. The porphyry and the 
limestone are cut by dikes of gneiss and schist. None of these dikes were observed 
to extend into the sandstone, but some doubtless intersect it also. The gneisses 
and schists are of many varieties and are not found in the other mountain groups. 
In the porphyry are pockets of crystalline limestone and quartzite, which appear 
to be part of the sedimentary series, inclosed in some way by the igneous mass. 
In places near the porphyry shaly parts of the limestone have been turned to 
phyllite. 

The metamorphic rocks that occur in the mountain group have been carried 
out by streams and deposited along their channels and on their flood plains. These 
rocks are in no wise difl'erent from some of the bowlders of the Keewatin drift and 
occur in the same area. Where all morainic topography has been destroyed by 
erosion, and where that topography was never developed, the tracing of the 
former extent of the ice becomes a complex and diflScult problem. 

The Larb Hills seem to be the top of a dome through which the streams have 
eroded great valleys but have not yet cut suflSciently deep to reach the igneous 
center. These hills lie east of the Little Rockies and form the breaks of the 
Missouri. Thcviiighest point is some 3,500 feet above sea level and 1,200 feet above 
the level of the plain. Between these mountain groups lie broad plahis, which 
had a marked influence on the edge of the ice. 
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A. PERCHED CONCRETION WEATHERED FROM CRETACEOUS SANDSTONE. 




B. THE SHONKIN SAG. 
The sag at this point is about 600 foot deop. 
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SURFACE FOR3LA.TION8, 

QUARTZITE GRAVELS. 
CHARACTER. 

On the plateaus between the streams, on the terraces and slopes in the stream 
valleys, and in the present channels of the watercourses are found the surface 
formations with which this report deals. There are four such surface forma- 
tions: (1) A gravel deposit, found in the driftless area; (2) morainic material 
brought in by the ice from the mountains; (3) morainic material deposited by 
the ice from the northeast; and (4) the present fluvial deposits. The last are of 
so little importance that they need not be considered. 

Between the moraines deposited by the Keewatin ice sheet and the valley 
glaciers and on the surface of the strip of nonglaciated country lies a peculiar 
formation which will be spoken of as the quartzite gravels. These gravels are 
made up of argillite and quartzite formations of the mountains. Limestone is 
rarely present. The few fragments found show the result of long-continued 
weathering. In some cases all the calcium carbonate has disappeared, leaving 
nothing but irregular masses of chert. In general the quartzite and argillite 
pebbles making up the formation are well rounded, though some still show traces 
of angularity. The fact that these hard quartzites are generally smooth and 
round, taken together with the absence of any appreciable quantity of limestone 
or other nonresistant rock, shows conclusively that the constituents of the gravel 
were subjected to prolonged wear. In size the pebbles are rather uniform, being 
on the average 3 or 4 inches in diameter. Isolated specimens found near the 
mountains measure as much as 12 inches in diameter. 

South of the forty-ninth parallel the character of the gravels changes with 
the character of the rocks forming the front of the mountains. South of Birch 
Creek the quartzites and argillites are less common. South of the Teton Ridge 
the gravels consist of small cherty pebbles, the residual material of the original 
cherty limestones. 

DISTRIBUTION. 

How far eastward the gravel extends is not known. East of latitude 112° 
the formation is buried by drift beds. Beneath the drift the gravels have been 
found on the Milk, Marias, Teton, and Missouri rivers. Dawson describes them 
as found 200 to 500 miles east of the mountains. They appear in the drift of the 
Keewatin ice sheet and make up a considerable per cent of its rock material. Their 
topographic positions are significant. The high divides between the watercourses 
are capped by th^m to a depth of from 1 to 10 feet, but they are absent from the 
divides near the mountains and from some of the high buttes south of Sun River, 
which, lava-capped and standing 1,000 feet above the plains, are covered only by 
the residual material from the lava itself. The gravels appear on the slopes descend- 
ing from the higher to lower levels and for the most part covering them. On the 
flats adjacent to the present streams they are sometimes absent, and isolated 
areas in front of the moraine deposited by the Keewatin ice sheet are not covered 
by them. Taking the entire area into consideration, the gravels are very per- 
sistent. Their relation to the other surface formations, their origin, and their 
age will be considered later. 
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DRIFT OF THE MOUNTAIN ICE. 
DISTRIBUTION OF THE MOUNTAIN GLACIERS. 

In the distribution of glaciers, living and extinct, in the western mountains, 
one feature which stands out above all others is their greater extent on the western 
slopes. In the Sierra Nevada in Glacial time the western slope was one continu- 
ous ice sheet,** while on the eastern side of the range the glaciation was confined 
to a few narrow gorges. In Colorado the heaviest glaciation was on the west side 
of the mountain ranges; the La Plata Mountains, which are the first to catch the 
moist winds from the Pacific, were heavily glaciated on the west side; in the San 
Juan Mountains there was not only a much greater thickness of ice on the w^est 
slope, but the territory covered by the ice was much larger. ^ In Washington the 
western sides of the ranges suflFered severe glaciation, and the Wasatch Mountains 
were more heavily glaciated on the west than on the east. 

The reason for this is evident. The prevailing winds over the western moun- 
tains were from the west and carried with them moisture gathered from the 
Pacific. This in part was deposited on the first mountain slope, because here the 
currents were forced to ascend and therefore precipitated their moisture. The 
larger part of what was carried over was deposited, not on the eastern slope of 
the same range, where the air currents were descending and where instead of 
precipitation there would be, to some extent, drying x^-inds, but on the western 
side of the next. Glaciation in the mountains of Montana should follow the same 
law, and the western slope should be more heavily glaciated than the east. During 
the work in the field evidence was found to show that practically all the mountain 
valleys between the Waterton and the Missouri on the east side of the range were 
once filled with glacial ice. The western slope, though not studied in detail, appears 
to have been more nearly covered. Large glaciers occupied South and Middle 
forks of Flathead River, and into these main valleys there flowed small ice tribu- 
taries from the sides. Into the valley now occupied by Flathead Lake these ice 
streams poured and united to form a great piedmont glacier.*^ This glacier was 
augmented by an ice lobe coming from the north, for striations have been found 
running north and south on the west side of the Kootenai Mountains and on the 
low mountains north of Kalispel. The moraines along the southern edge of Flat- 
head Lake appear to have been deposited by the piedmont glacier thus formed. <* 
Whether the lobe fn)ni the north was a part of the Cordilleran ice sheet or a great 
glacier formed in the valley north of Kalispel is yot to be determined. 

The main divide of the Rockies formed the collecting ground for the glaciers. 
Those which made their way down the west side were of great extent, and in some 
cases covered the ridges between the streams. Those on the east slope were con- 
fined to the mountain valleys, and appear to have had no connection wdth each 
other until the separate glaciers reached the plain and, deploying, united to form 
a piedmont glacier extending along the foot of the range. During Glacial time 
all the great valleys an<l many of the minor ones in the area studied contained 

a Knecland, Samuel, (Ilacicrs of the Yoaemlte ViilU'v: Proc. Boston Soc. Nat. Hist., vol. 15, p. 37. 
ft Stone, George II., GUicial gravels of Maine: Mon. V. S. Geol. Suney, vol. 34, 1899, pp. 338-355. 
cOarrey, George, unpublished manuscript. 
d Chamberiin, T. C: Seventh Ann. Rept. U. S. Geol. Survey. 1888, p. 78. 
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glaciers. From 14 mountain valleys the ice reached beyond the mouth of the 
canyon and deployed upon the plains. In other valleys the ice did not reach 
the plain, but deposited its moraines across the canyon somewhere above the 
point of debouchure. 

DETAILED DESCRIPTIONS OF THE MOUNTAIN GLACIERS. 

Sun River Glacier. — The area comprised in the Sun River system is that 
which lies between Dearborn River on the south, Missouri River on the east, and 
Teton River on the north. For the first 50 miles of its course North Fork of Sun 
River (the main branch) flows nearly due south, parallel to the main divide of 
the Rockies. It receives numerous tributaries from the west which have their 
heads at the very top of the divide. The course of the river abruptly changes 
in T. 22, R. 9 W., whence it flows eastward through a deep, narrow canyon in the 
mountains and, emerging on the plain, continues in the same direction to its 
junction with the Missouri, 75 miles distant. 

The glacier which occupied the valley of Sun River was the largest one south 
of Summit Pass. At the present time Sun River drains a considerable area of 
mountain territory, and in the past it was well situated for collecting the glaciers 
which made their way down the eastern slope through its tributarj- valleys. For 
a distance of 50 miles Sun River received those tributary ice tongues which, had 
the drainage been to the east, would have been carried in independent valleys 
directly to the plains. The result of this concentration of the ice into one valley 
was a glacier of considerable size. . 

The mouth of Sun River Canyon is narrow, but it was through this restricted 
opening that the ice pushed, tearing great blocks from the sides, cutting deep 
grooves in the valley walls, and smoothing and polishing the rock to a greater 
extent than in any other canyon along this part of the range. (PI. Ill, B.) 

The sides of the canyon are glaciated to a height of over 1,600 feet, the change 
from the glaciated to the nonglaciated surface being easily made out by the rather 
abrupt change in the topography. From the upper limit of glaciation at the mouth 
of the canyon to the terminal moraine, a distance of 18 miles, the fall of the upper 
surface of the ice was about 2,200 feet, giving an average decline of about 130 feet 
per mile. This glacier at its maximum extent reached to a point northeast of 
Augusta, where its moraine now crosses Sun River in a north-south direction. On 
the south side of the river and about 1 mile from it, the moraine turns S. 70° W. 
and continues in that direction for some distance. Beyond this the moraine on this 
side of the river was not traced, but it probably joins that deposited by the glacier 
which occupied South Fork of Sun River. 

On the north side of Sun River the ice pushed eastward on the south side of a 
high ridge which forms the divide between Sun River and Deep Creek. For a 
distance of about 3 miles the moraine lies along the south side of this ridge, but at 
a point 3 miles north of Willow Creek it reaches the top of the ridge and swings to 
the north. Near the mountains the moraine of the Sun River Glacier joins that of 
the Deep Creek Glacier. 

The outer moraine of the Sun River Glacier is well marked. In places it is 
about one-half mile wide and bears many basins which contain water in spring but 
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are dry in summer. This moraine, in sharp contrast to those farther north, is 
strewn with great numbers of large Hmestone bowlders, the largest noted being 
18 by 12 by 12 feet. Part of this bowlder is buried and the numerous large frag- 
ments scattered around its base show that it was once much larger. 

Three miles west of the outer moraine there is a well-marked recessional moraine. 
A second recessional moraine is found just west of Willow Creek. This is not so 
well defined as the first, though it is of sufficient size to indicate that the ice front 
remained stationarj- here for a considerable period of time. The topography of 
these two recessional moraines is not so characteristic as that of the terminal ridge. 
There are no well-defined basins, and the bowlders are not so large nor so numerous. 
The third recessional moraine is of a very different type. It is marked by a series 
of sharp ridges inclosing lake basins. The bowlders are again numerous and large, 
and bear marks of severe glaciation, some of them showing grooves 3 feet across. 
The bowlders in this recessional moraine appear to have suffered considerably less 
from weathering than those in the outer moraines. As will be pointed out later, 
this same difference in the character of the recessional moraines is found in other 
valleys, and it is possible that this better-developed moraine is the result of a rather 
distinct ice stage. 

Between the third recessional moraine and the mountains there is an extensive 
lake flat, now drained by Willow Creek. Over this old lake bed are scattered a 
number of alkali lakelets, in which so much alkaline deposition has taken place that, 
at a distance, they look like ice surfaces. 

The bowlders deposited by the Sun River Glacier are chiefly of limestone. 
Sandstone of all varieties and colors, a pecuHar flinty rock, and both red and black 
slates are also found. Besides these sedimentary rocks there are several varieties 
of diorite. 

At the mouth of Sun River Canyon there is no rock but limestone exposed. 
The sandstone, slate, and diorite must have been derived from the upper portion of 
the river basin. The valley trains reached at least to the town of Sun River, where 
the river runs onto a plain with a fall of but 2i feet per mile. Because of the sudden 
check in the velocity of the stream, the gravels, if they extend farther, are covered 
by later fluvial deposits. 

Deep Creek Glacier, — ^Deep Creek, one of the most important branches of Teton 
River, issues from the mountains through a very narrow canyon. This stream does 
not extend far back into the mountains, and the area at the head of the creek was 
too small to gather any great accumulation of snow during Glacial time. The north 
and south course of Sun River for so many miles enables it to gather most of the 
precipitation on the east side of the divide. In Glacial time the same was true. 
Most of the ice which gathered along the present valley of Sun River was tributary^ 
to the glacier which formed in that valley, and little got into the streams to the 
north. For this reason the Deep Creek Glacier was small and moved but a short 
distance out from the foot of the mountains, its terminal moraine being found in 
sec. 32, T. 23, R. K W. The local character of the drift is evident from the absence 
of diorite, (juartzite, and sandstone bowlders, showing that the glacier could have 
moved only over limestone rocks and could not have extended far back into the 
mountains. The ice which issued from the mountains appears to have been confined 
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entirely to South Fork of Deep Creek, for the valley of North Fork is not glkciated. 
The moraine from South Fork does not cross North Fork, though at some places it 
lies so near it as to suggest that the ice filled the old channel and pushed the stream 
to the north. South of Deep Creek the ice was continuous with that of the Sun 
River Glacier, but to the north the plain at the base of the mountains is not glaciated 
for a distance of 8 miles. In this direction the mountains rise abruptly from the 
plain, and there is no opening through which a glacier could have come till Teton 
River is reached. 

Teton River Glacier. — Two streams but half a mile apart issue from deep, 
narrow gaps in the mountains, and, joining a mile or two below the mouth of the 
canyon, form Teton River. Like Sun River the course of the Teton in the moun- 
tains is north and south, and though much of the ice which collected near its head- 
waters was diverted into the Sun River basin, enough was left to form two good- 
sized glaciers. The ice issuing from these narrow passes immediately joined and 
deployed upon an unusually flat plain. The glacier thus formed, though extending 
but a few miles east of the mountains, gives evidence of having been very powerful 
and active. The terminal moraine on the north side of the river consists of a series 
of sharp ridges, which form a belt over a mile wide. They are so steep and are 
covered with so many limestone bowlders that the moraine is difficult to cross on 
horseback, The terminal moraine is covered with a growth of stunted pine trees, 
which are found neither on the ground moraine nor on the plain to the east. The 
north and south edges of the ice formed two moraines which extend parallel to each 
other for a distance of 6 miles from the mouth of the canyon. They are about 3 
miles apart and are well developed throughout their entire extent. This develop- 
ment of the moraines along the side of the glacier is in sharp contrast to that formed 
at the end of the ice. There the moraine is low and of weak relief. Either the ice 
did not form a strong terminal moraine or the river has since eroded a considerable 
portion of it. The amount of ice coming from the north gap was greater than that 
which came from the south one. This is shown by the great amount of ice erosion 
in the north valley, the higher level to which the canyon walls were glaciated, and 
by the fact that the ice spread north from the mouth of the canyon of North Fork 
for a greater distance than it spread south of South Fork. The bowlders of the 
Teton Glacier till sheet consist of limestones and sandstones, no diorite being found. 

Muddy Creek glaciers, — Muddy Creek is formed by the union of many small 
streams, but two of which issue from the mountains. Most of the tributaries have 
their source in springs on the sides of the mountains and are intermittent, contribut- 
ing to the main stream only while the mountain snows are melting. The two main 
branches issue from what are known as Black Leaf and Muddy canyons. Of these. 
Black Leaf Canyon lies to the south and contained a glacier which extended some- 
w^hat more than a mile beyond the mouth of the canyon. The material making up 
the moraine of this glacier is a heavy bowlder clay, containing many limestone 
bowlders and few of sandstone. The moraine, which reaches a height of 200 feet 
and has the form of a sharp ridge, is the highest seen in this region. The glacier 
from Black Leaf Canyon was not connected with any other glacier either north or 
south. The canyon of the Muddy also contained a glacier which pushed out on the 

1280— No. 50—06 2 
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plain a mile from the mouth of the canyon, and resembled in many ways the glacier 
which issued from Black Leaf Valley. 

Dupuyer Creel' Glacier, — ^The next glaciated canyon to the north is the one now 
occupied by Dupuyer Creek. This stream heads in the mountains just north of the 
sources of Teton and Sun rivers and contained a glacier which extended 3 miles 
eastward from the mouth of the canyon and formed a well-defined moraine, dotted 
with many small lakes and ponds. Lakes in the moraines south of Dupuyer Creek 
are common. Bowlders, which are numerous in the till of the other moraines, are 
not abundant here. The height to which the ice reached is shown on the surface of 
the canyon walls, and from these we may determine its slope. At the mouth of the 
canyon the walls are glaciated to a height of about 1,000 feet. Beyond the canyon 
for the first three-fourths mile the decline of the ic^ as shown by the slope of the 
moraine was 750 feet; in the next 2} miles to the terminal moraine it was but 450 
feet, making 1,200 feet for the 3 miles, or an average of 400 feet per mile. As soon 
as the ice left the confines of the canyon it deployed rapidly. 

Sheep Canyon Glacier, — There was a small glacier in Sheep Canyon, but its 
moraines show no striking peculiarities. 

Blackfoot Glacier, — Properly speaking, the Blackfoot Glacier consisted of a group 
of glaciers which, reaching the plain, joined and spread to the east. At least 5 such 
ice lobes were concerned in the formation of a large piedmont glacier which extended 
about 50 miles from the main divide, and which, in its widest part, was over 30 miles 
across. 

The main collecting ground for the snow which furnished the ice was in the low 
pass now crossed b}' the Great Northern Railway. (PI. Ill, A.) From this pass 
the ice moved both eastward and westward. The center of accumulation may 
have been west of the top of the pass, for the rocks for nearly 2,000 feet above Sum- 
mit station are smoothed and polished, and well-marked glacial bowlders are found 
at a height of 1,000 feet above the 5,2()5-foot bench mark at the summit. Along 
the side of the mountains north of the track and east of Summit station there is a 
terrace 1,800 feet above the valley level, which seems to coincide with the upper limit 
of glaciation and to represent the thickness of the ice near the point of origin. 
Thence the front of the ice descended to an altitude of 3,800 feet. This would give 
a slope to the surface of 65 feet per mile, a low slope for a mountain glacier. 

The southernmost glacier that was tributary to the Blackfoot Glacier came from 
the valley of Birch Creek. It extended southward as far as the divide between 
Birch and Sheep creeks, but in no place did it meet the ice which issued from Dupuyer 
Creek Canyon. The eastern edge of the ice swung across the river due north and 
south at a point in sec. 30, T. 29, R. 8 W., but on the Hat cm each side of the river 
the ice front curved to the west. North of Birch Creek is. a high ridge, which forms 
the divide between that stream and Blacktail Creek so high as to prevent the ice 
of the piedmont glacier from extending far into the narrow Blacktail Valley. The 
bowlders in the Birch Creek drift are tor the most part limestone, the most common 
variety being a dull noncrystalline limestone. A light-colored- crystalline type 
and a cherty variety are also common. There are sandstone l)owlders, but they 
are not abundant. The glacier in Birch Creek Valley formed several recessional 
moraines, hut they are not so sharply dclhied as those in the valleys farther south. 
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A. SUMMIT PASS AND ADJACENT VALLEYS. 
The main valley was completely filled with glacial ice. The one at the left contained a glacier tributary to the main stream. 
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B. SUN RIVER CANYON. 
This photograph shows the glaciated surfaces in the background and the amount of post-Glacial cutting. 
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The valleys of Blacktail and Whitetail creeks furnished great glaciers to the 
ice mass at the foot of the mountains, causing a bulge in the ice front, which 
carried the edge of the ice nearly to Fourhom Lake. The moraine deposited was 
of the same character as that in Birch Creek Valley, and contains the same sorts 
of rock. Within the moraine of the Blacktail Glacier the country is rolling, and 
there are a few shallow lakes, the topography being essentially that of a ground 
moraine. The bowlders south of Badger Creek consist of dull-colored limestones 
and sandstones of the same character as those found in the till of each valle}^ glacier 
north of Sun River. 

North of Badger Creek, near the Little Badger, the character of the drift sud- 
denly changes. The dull rocks give place to the red, green, white, black, and mot- 
tled quartzites and argillites that are characteristic of the drift from this point north. 
Diorites and a peculiar conglomerate also appear. This conglomerate is formed 
of siliceous material, varying in size from pebbles an inch in diameter to the finest 
grains, the entire mass being cemented by silica and hard as quartzite. The limit 
of the two sorts of bowlders is marked approximately by the line where the ice from 
Badger Creek and the valleys south of it joined the ice which issued from Sunmiit 
Pass. 

The influence of the Two Medicine Glacier upon the confluent piedmont glacier 
is seen by the great extension of the ice to the east in this latitude. The terminal 
moraine of the piedmont glacier just west of Fourhom Lake suddenly swings to the 
east and crosses the Piegan-Robare trail about 4 miles south of the Old Stockade. 
Here its direction is N. 40° E, and its edge lies along the foot of a cliff about 250 feet 
high. In some places the ice carried its moraine to within a hundred yards of the foot 
of the plateau. In Glacial time the drainage may have lain between the moraine and 
the cliff, where it formed coulees, which left small valley trains beyond the edge of 
the ice. These coulees appear to have contained but little water since the ice left. 
The moraine extending from this point northeastward is sharply defined. Shallow 
basins, which are filled with water in spring and dry in late summer, dot its sur- 
face at frequent intervals. The country is very rough, and the hummocky topogra- 
ph}' is common. The surface slopes abruptly toward Two Medicine River, but 
post-Glacial erosion has made but little headway. The moraine crosses Two 
Medicine River 8 miles west of the point where that stream joins the Marias, and 5 
miles east of its junction with the Badger. On the north side of the river the moraine 
is finely developed. Lakes are numerous, fine out wash plains are common, and valley 
trains occur at many places along the front of the moraine. The valley train of 
Two Medicine Valle}' is now covered by later deposits. 

Within the terminal moraine several recessional moraines are found, one of 
which lies just east of Kipp. A second forms the site of the village of Browning. 
Between Browning and Kipp there is a flat plain, which at one time was covered 
by a lake, which persisted until Willow Creek cut through the terminal moraine at 
Carlow and drained it. The third recessional moraine is found near the moun- 
tains on the plain just east of the North Fork of Two Medicine River. This moraine 
appears to be nuich younger than the moraines at Browning and Kipp. The lakes 
in it are so lunnerous and so close together and the topography is so sharply defined 
that it is a trying undertaking to cross it. There has been little erosion of the drift. 
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though the moraine is on a slope, and the average rainfall 30 inches. This moraine 
corresponds with the better-developed recessional ridge found in Sun River Valley. 
There are other recessional moraines in the valleys of North and South forks of Two 
Medicine River. Lower and middle Two Medicine lakes were formed by the depo- 
sition of a ridge or ridges of till across the valley, w^hile the upper lake basin was 
formed by the gouging out of the rock by the ice and by deposition. 

The ice in the vicinity of lower Two Medicine Lake was somewhat over 1,500 
feet thick. Along South Fork of Two Medicine Valley there are also several reces- 
sional moraines. One well-defined ridge with lakes and kettles occurs 7 miles east 
of Summit station, while another, not so well defined, is found at Summit. 

The ice which filled the valleys of the various branches of the Two Medicine 
River formed the northern part of the piedmont glacier. The northern edge ol the 
ice lay along the south bank of Cutbank Creek from the junction of the two forks to 
a point north of Blackfoot. The relation existing between the streams and the 
moraine is such as to suggest a considerable change in drainage. 

ChitbanJc Greek Glacier, — North of the great glacier just described the ice from 
the valleys of the North and South forks of Cutbank Creek joined and pushed east- 
ward as far as the junction of the two streams. The out^r moraine is well marked, 
and is about three-fourths of a mile wide. On ascending the valley of the North 
Fork, which is the larger of the two tributaries, four recessional moraines are crossed. 
There is no appreciable difference in the appearan.ce or these moraines, though some 
of those found within the outer moraine are better developed than the outermost 
ridge itself. 

Between the two outer moraines are drumloidal hills, small but [>erfectly formed. 
Esker-like ridges were seen in a number of places, but in no case was a ridge over 
100 yards in length found. Several of the recessional moraines in this valley show 
themselves as terraces on the sides of the blufTs, and as spurs from these terraces. 
The moraine between the spurs, if evei* continuous, appears to have been removed 
by erosion. The valley floor back of the last complete recessional moraine is com- 
posed of stratified gravels, in places 40 feet deep. There was not only a great amount 
of water associated with the glacier, but it was concentrated into a comparatively 
narrow channel. A gravel train extends for miles down the valley east of the outer- 
most moraine. 

The ice which came down North Fork of Cutbank Creek completely filled the 
valley, though tliis, at the mouth of the canyon, is more than 1,200 feet deep, but 
did not spread over the plateau to the north. To the soutli the ice partly covered 
the ridge between the North and South forks of Cutbank Creek. The slope of 
the ice from the niouth of the canyon to the terminal moraine was about 200 feet 
per mile. 

Milk Hirer (ihcin\ — The valley of South Fork of Milk River contained a gla- 
cier which was developed in (\itbank ^'alIev and not in Milk Valley itself. South 
Fork of Milk River heads back on the slopes of Wolf Calf Mountain, and has cut but 
a very small valley, far too small to give rise to a glacier of such proportions as those 
of the glacier which deposited moraines along Milk River east as far as ^Vntelope 
ranch. The divide which extends between the headwaters of North Fork of Cut- 
l)ank Crec^k and South Fork of Milk River contains a depression through which the ice 
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from the former valley spread into the latter. The moraine formed by this lobe is 
well defined and extends about 4 miles down the valley. 

The country between the Milk River lobe and Milk River Ridge, a notable 
eminence that runs in a northerly direction from Divide Mountain, is not gla- 
ciated. This ridge, which, near the mountains, is more than 1,500 feet liigh, pre- 
vented the ice occupying St. Mary Valley from flowing directly east and diverted 
it to the north. At the foot of the lower St. Mary Lake the ridge becomes lower and 
the ice from the St. Mary Valley, crossing it, spread to the east in the valley now 
occupied by Duck Lake. The area between Duck Lake and South Fork of Milk 
River is the largest driftless area along the face of the mountains between the forty- 
ninth parallel and Sun River. 

St, Mary River Glacier, — A glacier of great size occupied the valley of St. Mary 
River and extended northward over the Canadian plains for an unknown distance. 
The valley of the St. Mar}^ is somewhat typical of the glacial valleys along the east 
face of the Rockies apd for that reason will be described in detail, the data concern- 
ing it having been collected for the most part by Mr. Bruce McLeish. 

St. Mary River rises at the verj^ foot of the main divide of the Rockies, and after 
flowing eastward through a most picturesque valley suddenly bends to the n^rth 
and crosses the forty-ninth parallel in longitude 113° 20'. In two places in its course 
the river widens into lakes of great beauty. The lower St. Marj^ Lake is about 7 
miles in length, the upper about 10 miles. Both lakes are narrow, neither exceeding 
li miles in width. St. Mary River below the lakes is a wide, shallow, rapid stream, 
which carries in the course of a year an immense volume of water. 

At the present time there are a number of glaciers found at the headwaters of 
St. Mary River and its tributaries. Some of them, such as the Blackfoot and the 
Grinnell glaciers, are several square miles in extent. These glaciers may be the last 
remnants of a great ice mass which formerly filled the basin of the St. Mary River. 
In following this stream to its source many recessional moraines are found, depos- 
ited as the ice retreated up the valley. The last moraines are those now forming at 
the very edge of the glaciers. Some 60 miles intervene between the accumulations 
of material at the edge of the ice and those deposited when the glacier had its greatest 
known extension to the northward. The numerous recessional moraines show 
plainly where the ice rallied in the unequal contest with adverse climatic conditions. 
The different stages in the retreat are also indicated by a dozen or more terraces 
which rise in succession on the western slope of Milk River Ridge to a height of 1,000 
feet. It was suggested by Culver" that these terraces were the result of lake action; 
but as they slope sharply to the east at about the angle that the surface of the ice 
should have maintained they are clearly not the work of lake water. The numerous 
lakes, the sharp ridges, and the great number of bowlders that occur on these ter- 
races indicate glacial action and they fall into the class of morainal terraces. As 
these terraces are traced eastward it is found that they develop below Duck Lake 
into terminal and recessional moraines. The ice below Duck Lake turned westward 
and again crossed Milk River Ridge in a north-south direction and spread east and 
west in St. Mary River Valley. The outer moraine was deposited as a terrace on the 

a Trans. Wis. Acad. Sci., vol. 8, 1891. 
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north slope of the ridgt*. This terrace descended 1,200 feet in 4 miles, oriving the ice 
an average slope of 300 feet per mile in this valley. 

The St. ifary Glacier ])roper received a numl)er of large tributary- ice streams, 
the largest of which was formed in Swiftcurrent Valley and was but little inferior 
in size to the St. Mary Glacier. Its thickness where it joined the main ice mass 
must have been over 1,300 feet. Both the north and south forks of Kennedy 
Creek contained glaciers, which, however, were smaller than those found in the other 
valleys. That they were local is sh(n\Ti by the great al)undance of limestone bowl- 
ders in the drift they deposit<?d and the a])sence of any other variety of rock. The 
region occupied by these glaciers was surrounded by the Algonkian limestone. 

The valleys of Waterton and Belly rivers and of I ^ees Creek were also glaciated. 
Whether the tongues of ice fron^ these valleys joined one another north of the bound- 
ary line and formed a piedmont glacier similar to that south of the forty-ninth par- 
allel has not been determined, but from their size such a conclusion seems tenable. 

DRIFT OF THE KEEWATIN ICE SHEET. 
TERMINAL MORAINE. 

During the Glacial period as many as five ice sheets, it is believed, covered the 
northern part of the United States. The bodies of drift deposited by the successive 
ice sheets have never been found one above another in a single locailty, but from 
their interrelations the following order of deposition has been established: (1) Sub- 
Aftonian, (2) Kansan, (3) Illinoian, (4) low^an, (5) Wisconsin. Between these 
drift sheets interglacial deposits occur which indicate modifications of the climate, 
sometimes very important, between the successive advances of the ice. 

In the region just north of the area under consideration Dawson found three 
drift sheets. The earliest he named the Albertan. The drift sheet resting on the 
Albertan is correlated with the Kansan and the upper bowlder clay with the lowan. 
Between the two upper drift sheets are interglacial deposits which are best devel- 
oped along Belly River. This classification of Dawson's" was merely tentative, and 
it is a question whether it can be held. The following detailed description of the 
terminal moraine and the subsequent discussion of the relations of the Keewatin 
drift to the drift deposited by the mountain glaciers in the various river valleys will 
throw some light on the age of the various drift sheets found in this region. 

During the season of 1901 the moraine of the northeastern ice sheet was traced 
from the Missouri below Great Falls westward to Choteau, and thence northward to 
the international boimdary line in longitude 112° 20'. From this point it bends 
westward until it reaches Waterton River, where it turns to the north, following a 
course nearly parallel to the mountains.* During the seasons of 1902 and 1903 the 
moraine was traced from Great Falls to a point east of the Little Rocky Mountains. 
Its course is very irregular, being influenced in great measure by the three groui)s of 
mountains and the great valleys between them. The moraine was followed for a 
distance of about 510 miles, in which distance it exhibits many phases of moraine 
topography. While to trace it in detail throughout its length and to describe every 

a Bull. Clool. S(ic. America, vol. 7, pp. CrHJ6. 
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turn and twist and lobe would be a profitless repetition of what is better shown on 
the map, some of its features deserve special mention. 

Doctor Dawson traced and mapped its western limit from a point some hundreds 
of miles north of Calgarj' to Waterton Kiyer, finding it at different heights and at 
varying distances from the mountains. The remainder of the drift, comprising the 
part south and east of the Waterton, will be considered here. 

The terminal moraine of the continental ice sheet crosses Belly River about 10 
miles north of the line. It consists of a sharp ridge, in front of which there is no out- 
wash or valley train. Within the terminal ridge there is a well-defined ground 
moraine, which, at this point, is 4,163 feet above sea level. " Between the Belly and 
St. Mary rivers the edge of the drift is in places attenuated. The ice sheet pushed in 
from the northeast and surrounded but did not cover an irregular series of foothills 
which trend in an irregular line between the two rivers. These hills are about 800 
feet above St. Marj^ River. Their tops and slopes for about 400 feet from the summit 
are covered with quartzite gravels, below which appear the crystalline bow Iders char- 
acteristic of the drift of the Keew^atin ice sheet. Small lakes dot the surface and the 
topography is hummocky and irregular. 

From the top of one of these hills at the edge of the drift the country covered by 
the northeastern drift can easily be distinguished from that covered by the mountain 
drift by the number of its lakes and ponds. To the north many small bodies of water 
may be seen, w^hile to the south, nearer the mountains, there are but few. The local 
mountain glaciers were eroding and not depositing, and as a result but few morainal 
depressions w^ere formed, so that the line of abundant lakes marks approximately 
the edge of the northeastern drift. The moraine between Belly River and Lees Creek 
shows well developed kettles. 

In the St. Mary basin the ice pushed farther south than on either Belly River or 
Lees Creek. The moraine crosses the St. Mary just north of the line. One-half mile 
east of the river it swings south of the forty-ninth parallel, and for a distance of 3 or 
4 miles lies in the United States. The boundary monument on the ridge just east of 
St. Mary River is built of the crystalline bowlders of the moraine. The ridge south 
of this point w as not glaciated, a fact strikingly shown by the contrasting topography 
of the two portions of the ridge. The region wuthin the moraine at this point might 
well be called the *Make country.*' One standing on the northern edge of the ridge 
just mentioned may count 120 lakes and ponds without stirring from one position. 
These bodies of w ater vary in extent from a few square yards to several acres. Many 
more may exist in this area, though invisible from this position on account of the 
numerous glacial hills and hummocks. In Willow Creek Coulee, east of the ridge 
just referred to, the ice pushed as far west as Galbraith's ranch and as far south as 
Milk River Ridge, which rises 400 to 500 feet above the valley of Willow Creek. At 
this poijitthe ice did not push' south over Milk River Ridge but deposited its moraine 
along the northern slope. In places the ridge w as dissected by pre-Glacial streams, 
and into these valleys the ice pushed to the ver}^ banks of Milk River. This hap- 
pened in McCloud Pass and in the pass farther northeast, known as Whiskey Gap. 
West of the McCloud-Fort Benton trail the moraine assumes a ridge-like form 60 to 
80 feet high and 100 yards wide at the base. At this place there are splendid examples 

a Bonch iiuirk ranadiaii Survey. 



24 MONTANA LOBE OF KEEWATIN ICE SHEET* 

of kettle configuration. The bowlders are numerous and of the crystalline type, 
though large bowlders of mountain origin are plentiful. This moraine resembles 
more than any other seen during the summer that formed 'by the Green Bay lobe, 
especially the portion of it developed in the vicinity of Baraboo, Wis. Northeast of 
this point the ice reached the flat top of Milk River Ridge and spread over it to the 
south, forming a wide moraine characterized by lakes, undrained depressions, and 
hummocky topography of strong relief, the difi'erence between the tops of the knolls 
and the bottom of the kettles in many cases being 120 feet. At the point where the 
moraine swings to the top of the ridge it has an altitude of about 4,720 feet, and at a 
point 6 miles to the west of about 4,300 feet; this gives a slope of 70 feet per mile to 
the edge of the ice of the northeastern ice sheet. 

Although the ice reached the summit of Milk River Ridge it did not move for any 
considerable distance across its plateau-like top. The ridge separated the ice into 
two parts, one lobe entering St. Mary Valley while the main sheet w^as forced farther 
east, causing a great reentrant to be formed. K Milk River Ridge had not been 
present, the ice would undoubtedly have extended much farther into the United 
States. The ice cr<ossed the forty-ninth parallel again in longitude 120° 20', having 
a general northwest and southeast direction. 

From the boundary line to the Great Northern Railway in the vicinity of Baltic 
the relief of the moraine is pronounced, the difference in height betw^een the hills and 
hollows being often 100 feet and sometimes more. The edge of the drift north of the 
railroad is associated with outwash plains and valley trains. In the valleys consid- 
ered up to this time the slope has been toward the direction from which the ice was 
moving; that is, the ice moved up the valleys. Under such conditions valley-train 
deposits were impossible, but here the slope was south and west into the Cutbank 
Creek and away from the ice edge. 

Just north of Baltic the moraine is not so well developed as nearer the Canadian 
line. The lakes are shallower, and the topography more of the swell and saucer type. 
At Baltic the moraine is interrupted ; the gap continuing to a point south of Two 
Medicine River. In this interval bowlders and till are present, but the edge of 
the drift is not in the form of a ridge. Instead it is spread out in a great sheet, with 
occasionally a very shallow basin and rolling topography. It is entirely possible 
that back from the edge of this drift sheet a ridged moraine will be found, as is the 
case on the banks of the Missouri. The edge of the drift crosses Cutbank Creek 5 
miles below the railroad bridge at Cutbank and Two Medicine River about 7 miles 
west of its mouth. Along Cutbank Creek and Two Medicine River bowlders not 
associated with till line both banks of these streams and their tributary coulees. 
The till once present has been removed by the action of wind and wash. 

The moraine south of Two Medicine River consists of a broad, undulating till 
sheet which is much more moraine-like than that to the north of the river, i)ut far 
inferior to that north of the railroad. A well-defined moraine of pronounced topog- 
raphy is not found again until the Pondera basin is reached, this basin being a large 
reentrant in the j)lateau between Dry Fork of Marias and Muddy rivers. Between 
the ridges facing the north and south sides of the basin the ice is pushed to the west, 
and the moraine ])eoomes once more well defined. The lakes are as numerous as in 
the moraine near the fortj'-ninth parallel, while the general roughness of the surface 
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is even more pronounced. At its greatest westward extension the ice is pushed 
sharply against the bluff which limits the basin on the west ; at its southern edge it 
did not reach the ridge but left its material piled in the form of a high moraine one- 
fourth of a mile north. The drainage during the time the ice was present was 
between the moraine and the plateau to the southeast along the edge of the ice. 
The habit of the ice of pushing for miles into a valley and of not occupying the 
ridges, though they are but 100 to 150 feet above the level of the moraines, is charac- 
teristic. In the Pondera basin the ice extended for 5 miles between ridges 150 feet 
high, but not once in the distance did it reach their tops. Reasoning from these data 
the slope of the surface could not have been more than 30 feet per mile. The tend- 
ency also of the edge of the ice to move around buttes, leaving deposits on all their 
sides but not covering their tops, is also characteristic. 

Five miles east of the western edge of this basin the ice reached the top of the 
ridge north of North Fork of Muddy River, and extended across it in a general north- 
south direction. While not so well defined as the edge of the drift in the Pondera 
basin, the moraine on the higher level is distinct, consisting of a broad, flat ridge 
with many shallow depressions containing water. At the southern edge of the flat 
the moraine turns abruptly to the southwest and runs along the north bank of the 
Muddy. In this valley is seen one of the best examples in Montana of a striking 
terminal moraine. There is no well-marked terminal ridge, but the valley north of 
the creek is one great expanse of hummocks and kettles. The topography is so 
rough that wagons could cross this section of the country only with the greatest 
difficulty, while without a compass one not familiar with the region might easily be 
lost. A mile south of the Kropps ranch, in T. 26, R. 3 W. , the ice edge turned abruptly 
toward the west and filled the valleys of the Muddy and the Teton with a drift 
sheet of considerable thickness. The western edge of the ice lay across the valley a 
few miles west of the one hundred and twelfth meridian, and crossed Teton River a 
few miles east of Choteau. Here its farther southern progress was checked by the 
Teton Ridge, which is about 500 feet high and extends in a general northeast- 
southwest direction, and which held in the ice as far east as the Great Falls and 
Canada Railroad. The ice crossed Teton River in T. 24, R. 3 E., and on the slope 
south of that river deposited morainic material to the height of 220 feet. Above this 
level, which is the upper limit of the crystalline bowlders, and on the top and the 
slope of Teton River Ridge there is gravel composed of limestone, sandstone, and 
quartzite pebbles. These gravels are not glaciated, and belong to the quartzite 
gi'avel formation. 

Eight miles due south of Brighton there is a break in Teton Ridge, through 
which the Great Falls and Canada Railroad passes. At this point the ice pushed 
through and for the first time deposited material on the south slope of this ridge. 
Not only did it push into the pass, but it also covered the ridge east of the railroad, 
a fact easily seen by the difference in topography bet^^'een the east and west portions 
of the ridge. 

The character of the moraine changes abruptly after it passes over Teton Ridge. 
There is no longer a well-defined ridge-like edge, but more often a low, broad rise, 
usually too slight to be noticeable. The drift in the prc-Glacial valleys south of the 
Missouri and east of Great Falls is 100 to 200 feet thick. Near its edge the drift is 
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usually thin, but along Belt Creek, in sec. .HO, T. 21, R. 7, it is 250 feet thick. In many 
places in the valley of B(»lt Creek and in the valleys of the neighboring streams there 
are cuttings of over 100 feet into the drift wliich do not reach the underlying sand- 
stone. 

The moraine swings southeastward from Great Falls to a point north of Belt. 
Here the Ilighwood Mountains caused the ice to turn to tlie north, hence the moraine 
from Belt Creek runs in that direction for 15 miles. Turning then to the east, it 
crosses both Belt an<l Ilighwood creeks and follows in general the north bank of the 
Sag to Arrow River. In this part of its course the moraine, where found at all, is 
low, broad, and of the swell-and-saucer variety, with shallow lakes. The drift is 
in most places less than 30 feet deep. The same type of moraine continues as it 
swings along the west bank of the Arrow, but for some distance east of the Missouri 
there is no ridge of any kind and only here and there a thin ground moraine. 

On the southwest side of the Bearpaws, a bowldery ridge with many lakes is 
again encountered. From this place the moraine swings around the Bearpaws, 
nearly encircling them (PL lY, A) and exhibiting at ever^' point a moraine as well 
defined as that seen along the north slope of Teton Ridge. On the northern slope 
of the mountains the ice pushed into the foothills and reached an altitude of 4,250 
feet. Here, also, the edge of the ice developed many irregularities, due to the great 
number of valleys. This is shown by the irregular contour of the moraine. 

A lobe of ice pushed south between the Bearpaws and the Ijittle Rockies into the 
valley of Little Rocky Fork Creek. The moraine north of the latter group of moun- 
tains does not approach as close to the foothills as it does in the caseof theBearpaw^s. 
It lies about 7 miles north of St. Paul's Mission and runs directly east until T. 26, 
R. 26 is reached, w^here it turns abruptly southeast and continues in that general 
direction until all morainic form is lost in the breaks of the Missouri. South of the 
Missouri, in the valley of the Big Dry, the edge of the drift sheet was traced for 60 
miles, but no moraine was found. 

LATER MORAINES. 

On the east bank of the Missouri south of Floweree a later moraine, rather well 
defined, may be made out. In front of the moraine the relation of the stratified 
drift (till and lacustrine clay) is so complex as to suggest an oscillatory ice edge and 
much water. 

North of the Great Northern Railway and near the divide between Teton 
and Missouri rivers occurs a second later moraine, which exhibits some unusual 
features. The edge of the ice advanced into pre-Glacial valleys leading north to the 
Teton and filled them with drift. The post-Glacial drainage has established itself 
along these old drainage lines, and the moraine appears to be the divide between 
the Teton and the Missouri, just as the ridge which it now caps was the divide 
between the pre-Glacial Teton and the pre-Glacial Missouri. Along this ridge 
the moraine contains many soft and friable sandstone erratics, which were doubt- 
less plucked from Teton Ridge, lying to the north. Bowlders of local origin are 
not commcm in the drift. The soft sandstone over which the ice moved during 
the last hundred miles of its course yielded but little material, and even this is not 
so sandy as might be expected. From all indications the ice sheet was not onlv 
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incapable of any considerable amount of erosion at its edge, but it deposited material 
over such formations as the ({uartzite gravels without disturbing them. 

This moraine may be traced, with few breaks, directly across the country 
from Teton Ridge to the Bearpaws. It is better developed than the terminal 
moraine, which, while having the essential elements of the kettle moraine, often 
shows them in a feeble state of development. wSouth of Tunis the moraine is between 
3 and 4 miles wide and is covered with lakes and lake basins, some of which extend 
50 feet below the general level. This moraine is again seen, though not so clearly 
defined, along the north bank of the Missouri, near the mouth of the Teton. Between 
the headwaters of Big and Little Sandy creeks there is another excellent example 
of morainic topography, continuing to the foot of the west slope of the Bearpaws. 
North on the ground moraine there are occasionally ridges, never more than a 
few miles in length. These were doubtless caused by the halting of the ice for a 
short period, but they are not sufficiently continuous to be mapped as moraines. 

CHARACTER OF THE DRIFT. 

The material carried by the ice was of four kinds — crystalline erratics, small 
pebbles of mountain origin, sedimentary rqcks derived from the plains over which 
the ice passed, and a matrix composed of sand and clay. The crystalline erratics 
are of such variety as to furnish specimens of the whole rock series. In a small 
area, not over 5 square yards in extent, the following rocks were founcj: Limestone, 
sandstone, shale, coal, granites (both fine and coarse grained, and with different 
percentages of quartz and feldspar), syenites, diorites, basalts, and hornblende, 
mica, and garnetiferous schist, and all gradations between these and gneissic rocks. 

The granite and the syenitic rocks predominate. Basalts and rocks containing 
a large proportion of the ferromagnesian minerals are not so common. There 
seems to be very little change in the variety and the nature of these bowlders 
throughout the length of the moraine. Limestone is more common in the northern 
part and sandstone occurs more frequently in the southern part. The character 
of the crystalline bowlders remains the same. The ice must have passed over 
a wide extent of country, for the nearest outcrop of crystalline rock is 700 miles 
distant. 

To these rocks may be added those which are of mountain origin and which 
make up from 5 to 25 per cent of the bowlders of the drift. Originally they belonged 
to the quartzite-gravel formation, and were picked up by the ice from the north- 
east and incorporated in its drift. 

The crystalline bowlders are common on the surface of the drift, occasionally 
occurring in such numbers as to cover the ground. In some post-Glacial cuts, 
bowlders from 1 to 4 feet in diameter are accumulated in the bottom of the channel 
to a depth of 5 to 10 feet. In the body of the drift a large crystalline bowlder is 
seldom seen. Small cr\^stalline fragments and quartzite pebbles are found, but 
even these are uncommon. The explanation of the position of these bowlders on 
the surface of the drift has been given by Prof. R. D. Salisbury.^ 

The great body of the drift is a hard, sandy clay, which as a rule is unstratified 
and stands in vertical faces where trenched by streams (PI. IV j B). Its thickness 

a Jour. Geolo^-, vol. 8, pp. 426-432. 
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is variable. On Belly River an exposure of till 120 feet thick was measured; near 
Baltic; north of the railroad, post-Glacial drainage has cut 100 feet into the drift 
without reaching the underlying sandstone; on Two Medicine River exposures 50 
to 75 feet thick are seen, and on the Teton drift banks 150 feet high border the river. 
In the ground-moraine belt the drift is not only thin, but in places is entirely absent. 
Between the moraine and the Sweetgrass Hills the drift is frequently wanting. 

ICE SURFACE. 

Height. — ^The edge of the ice stood at various levels during the time of its 
greatest extent, a few of the more prominent elevations being as follows, aneroid 
determination: 

ApproxifiiaU height of edge of ice. 



Feet. 

Milk River Ridge 4,720 

Baltic 3,900 

Ridge south of Baltic 4,000 

Two Medldne River 3,800 



Feet. 

Bearpaw If ounuins 4, 250 

Muddy Creek 3,500 

Teton Ridge 3, MO 

nighwood MounUlns 4,200 



Slope. — As has been noticed, the slope of the surface of the Keewatin ice sheet 
was not great. In the Pondera basin the slope was about 30 feet to the mile; on 
Teton Ridge the slope, much less exactly determined by the slope of the moraine, 
was about 40 feet per mile, and on the slope of Milk River Ridge it was 50 feet per 
mile. The most satisfactory determination was made between the Sweetgrass 
Hills and the edge of the ice to the west. A careful examination of these buttes 
showed conclusively that they were not covered by the ice sheet, but that they 
stood as great nunataks about 2,000 feet above its general level. Not only were 
they not covered by the ice of the Keewatin ice sheet, but there is no evidence that 
they were locally glaciated. The ice from the northeast, when it reached them, 
was near the end of its long journey, and was a depositing rather than an active body. 
On the west, north, and east sides of West Butte a well-defined terminal moraine 
is banked against the slope. On the south side there is no such terminal moraine, 
and for some distance south the country is driftless. The ice, divided by the butte, 
(lid not come together till it reached a point about 2 miles south of its foot. The 
moraines left by these two ice edges as they circled the butte and pushed south 
over the plain are well defined. The moraine on the west slope of the butte is 1 ,200 
feet al)ove the plain; along Milk River on the north side it is 1,500 feet, and on the 
Houtheast side it is 1,300 feet. This, then, would make the average thickness of the 
ice al)()ut 25 miles from its edge. In this distance the slope of the upper surface 
of tin* ic(» averaged about 50 feet i>er mile. On the southeast side of West Butte the 
H\t}\H\ of the ice, as determined by the slope of the moraine, was 70 feet per mile. 
TliiiH it. is seen that along the edge of the ice the slope was low, due in great measure 
to the level plain over which the ice traveled. 

DRAIXACJE. 

LAKES. 

diararUr of the hlcfi. — The relation of the ice to the river valleys was such 
flint fhe foriniitij)n of lakes in front of the ice was inevitable. These lakes may 
III* <livi<l<'<| into two classes — those de|>endent on the ice as a barrier and those 



30 



MONTANA LOBE OF KEEWATIN ICE SHEET. 



lakes. The western edge of Teton Lake was near Bynum and Choteau, in Muddy 
and Teton valleys, respectively, and its southern edge was against Teton Ridge. 
Lake in Missouri River Valley. — Between the Teton and the Missouri River 
basins a lake of large size existed, its waters extending into the valleys of Missouri 
and Sun rivers and covering the lowland between the two. Square and Round 
buttes were islands situated at the extreme western edge of the lake ; around them, 
as around all the other hills and buttes in the neighborhood, are found crystalline 
bowlders at approximately the same elevation. Some of these are large; the 
exposed part of one found near Ulm on the Ulm-Great Falls road measured 8 by 
4 by 4 feet. 




FlO. 3.— Ideal cross section showing relations between the two lake deposits in the Missouri Valley west of Great Falls, 
c. Level of the more extended lake; d, level of the more restricted lake. 

As will be seen from the topographic map of the Great Falls and Fort Benton 
areas (PI. V) , this lake had a very irregular extent. The level of the water during the 
maximimi stage of lake development was between the 3,800 and 3,900 foot contour 
lines. At this level bowlders characteristic only of the northeastern drift are found, 
few in numbers in the smaller and more distant coulees, but numerous in the valleys 
in which floating ice could easily enter and be carried about by the wind and currents. 
The waters of this lake extended for a considerable distance up both Smith and Mis- 
souri rivers, but the upper valleys of the two streams are canyon-like, with high 
walls that afford no resting place for bowlders even if the ice could have made 
headway against the swift current of the mountain streams. 

The bowlders are not found on all parts of the area mapped as covered by 
water, for they do not appear on the flood plain that extends along both sides of 




FlQ. 4.— Ideal longitudinal section showing relation of the two lake deposits to the drift dam and the ice dam. a, loe edge; 
b, moraine; c, level of the more extended lake; d, level of the restricted lake. 

the Missouri. This plain was formed when the waters were held back by the 
morainic dam, forming a restricted lake, the area of which is essentially that along 
the Missouri and its tributaries below the 3,400-foot contour line.^ 

The relations between the deposits of the two lakes are shown in figs. 3 and 4. 

The deposits of the more restricted lake consist of a finely laminated clay, 
which when dry is hard and cleaves like shale. When wet it becomes soft and 
pliable and would make an excellent molding clay. Interstratified with the clay 
are smal crj'stalline pebbles one-fourth to one-half inch in thickness. They 
usually consist of quartz or feldspar cr\'stals, or ol' small fragments containing 
several minerals, showing that the rock from which they were derived was granite, 



a Shown on PI. V by unshaded area along Sun and Missouri rivers. 
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RIVERS. 
EFFECT OF MOUNTAIN GLACIERS. 

The ice deploying from the mountain valleys had but little effect upon the pre- 
Glacial courses of the more important streams. Small valleys that were tributary 
to the main watercourses were blotted out, and after the retreat of the ice the 
change in topography forced the drainage ways to follow new courses. In some 
parts of its upper course Cutbank Creek was crowded northward by the ice, and 
its valley was partly filled with valley trains, in which the present streams have 
cut their channels, though the cutting has in no case been great. 

EFFECT OF NORTHEASTERN ICE SHEET. 

In contrast to the effect of mountain glaciation the coming of the ice sheet from 
the northeast changed the character of the drainage markedly. Every river 
flowing north and east from the mountains was obstructed by the drift, had its 
waters expanded into a lake, and then, cutting through the morainic dam, found 
itself superimposed, perhaps some distance from its old bed, upon a body of drift. 



(B) 

FiQ. 7.— Relative size of post-GlaciHl and pre-dlaclal valleys of Two Medicine River. A, Post-Glacial valley of Ti**o 
Medicine River; J3, pre-Glacial valley of Two Medicine River. In " il " the bluffs are covered with till from the 
Eeewatin Glacier; in "B" the valley itself is covered by a deposit of till laid down by the Summit Glacier. 

In most cases the displacement of the stream channel was not great, the post-Glacial 
streams generally occupying the same valley, though not the same channel. 

St. Mary River. — ^About a mile north of the international boundary line St. 
Mary River was superimposed upon a sandstone ledge, its old channel being filled 
with drift. At this place it has cut a narrow gorge over 100 feet deep. The post- 
Glacial cutting in the drift near this place has been from 20 to 60 feet. In a number 
of other places along St. Marj^ and Belly rivers the streams have been forced to 
cut into sandstone. In no case near the boundary line was the change in drainage 
more than a slight shifting of the stream channel. 

Milk River. — In pre-Glacial time Milk River flowed in a deep, wide valley, and 
for this reason was little affected by the drift in the area studied. 

Two Medicine River. — ^\Vest of the plkce where it is crossed by the terminal 
moraine of the northeastern ice sheet. Two Medicine River flows in a broad U-shaped 
valley, which was once filled by the ice from Summit Pass. East of the moraine 
the stream flows in a post-Glacial valley. It is no longer broad, with gently sloping 



DRAINAGE BY RIVERS. 



33 



sides, but is narrow and gorge-like (fig. 7). The walls are nearly vertical sandstone 
bluffs capped by northeastern drift, 'the pre-Glacial course of the Two Medicine 
appears to have entered that of the Marias 5 miles below its mouth in post-Glacial 
time. 

The following cross sections show the width of the Two Medicine at its mouth 
compared with the cross sections of the valley of the Cutbank above and that of 
the Marias below (fig. 8). The fact that much more water flows through the valley 
of the Two Medicine than through that of the Cutbank and that this water has a 
greater velocity renders the difference in width nmch more striking. Fig. 7 
shows the width of the Two Medicine above and below the terminal moraine. 

Birch Creek. — North of the big bend Birch Creek flows between sandstone walls 
capped with drift. In some sections of the drift the capping is 80 feet in thickness, 
but usually 10 to 40 feet. The pre-Glacial channel of Birch Creek was not deter- 
mined. It doubtless led to the Two Medicine or the Marias much farther east than 
at present. 




(O 

Fis. 8.— Cross sections showing relative size of Two Medicine, Cutbank Creek, and Marias YaUe3r8. ^, Two Medicine Valley 
just above its mouth: B, Cutbank Valley above its mouth; C, Marias Valley below jimction of the Cutbank and th€ 
Two Medicine. 

Muddy OreeJc. — East of the terminal moraine of the Keewatin ice sheet the 
valley of Muddy Creek is post-Glacial. This part of its valley is 80 to 100 feet 
deep. Locally the stream has cut through the drift into the sandstone beneath. 
The old pre-Glacial valley of Muddy Creek is completely hidden, but the general 
topography of the region shows that its course was not very different from that 
of the present stream. 

Teton River - In Teton Valley a similar condition exists, and the present channel 
follows somewhat closely that of the pre-Glacial stream. The Teton has in places 
cut a valley 150 feet deep in the drift. Low^er in its course the Teton has been 
subjected to more important changes. North of Fort Benton, above the elbow 
(PI. Ill), the Teton flows in a drift-filled valley. The present stream has cut into 
the modified pre-Glacial valley from 200 to 250 feet. At the north end of the elbow 
the river turns suddenly to the south and, after flowing for 2 miles in a narrow 
valley between rock walls, again finds itself in the drift-filled valley of the pre- 
Glacial Missouri. Here post-Glacial erosion has formed a valley 200 feet deep and 
1280— No. 50—06 3 
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a mile wide, similar to that above the elbow. Tlie Teton appears to have l>een 
forced into the valley of the Missouri by the drift filling the eastern end of its old 
channel. This extends from the nonh end of the elbow throujrh the valley now 
occupied by Sheep Creek into the Marias. East of Fort Benton the Great Northern 
Railway has tunneled through the ridge between the Teton and the Missouri. 
Here the two streams are Imt half a mile apart, and are separated by a divide 2iX» 
feet high, at least 120 feet of which is drift. 

Other streams in the area studied were turned from their pre-Glacial courses by 
the ice, but as in each case the change was closely associated with the change 
in the Missouri, they will be considered in connection with the pre-Glacial and 
post-Glacial history of that stream. 

Missouri River, — Of all streams in northern Montana, the Missouri was the one 
most affected by the ice sheet, to which is doubtless due the fact that it is a tributary 
of the Mississippi and not of the Saskatchewan or the Red River of the North. 




Fig. 9.— Valley of tho Miewouri. ^ihowing post-«^liicial citiinp in sacdst'T.n arA Jrift. 

When the old channel of the Missouri became filleii with drift, the river was turned 
from its former course and forced to find a new channel for itself south of the edge 
of the ice sheet. Tn some places the post-Glacial stream followed the old valley 
for some distance until at last, turned aside by some barrier, it was forced to follow 
H tributary stream across a col into the valley of another river. The changes in 
the <-ourse of the Missouri have been varied and are given in detail. 

The river rises in the extreme southwestern portion of the State and flows north- 
east ward . For the first 300 miles it is conlhieil by mountains, but after passing 
be(we(ui th«^ main range of the Rockies and the Little Belt Mountains it escapes 
lo till* plain. From this place to Cireat Falls the river meanders over a wide flood 
plitiii, lluwiiig Tf) miles with a fall of but S."> feet. At Great Falls an abnipt change 
ill till* rliiinuter of the stream takes place. Leaving the plain it flows through a 
riiuyttii with high saiulsti>ne walls and falls .">rj feel in 12 miles. 
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B. ONE OF THE FALLS OF THE MISSOURI. SHOWING AMOUNT OF POST-GLACIAL EROSION. 
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In this part of its course the river runs in a sandstone valley, in which cataracts 
have developed (PI. VI, ^1, B) l)ecause of the harder ferruginous layers found in 
it. The unequal rate at which the falls have retreated is due to the var^^mg hard- 
ness of these layers. It is not known exactly at what point the falls originated, 
but it was doubtless where the superimposed Missouri found its way over the side 
of an old valley wall, either into its own pre-Glacial channel or into that of one of 
its tributaries. This, so far as now known, may have happened at any one of a 
number of places. At a point near the mouth of Belt Creek the valley suddenly 
broadens and at the same time turns abruptly to the north (PI. VII, ^1). Here 
the river flows through an old drift-filled pre-Glacial valley (fig. 9). The post- 
Glacial river does not everywhere flow in the old channel but crosses it at all angles. 
This unconformity of the old channel to the present one is shown in the sections 
forming fig. 10. 



T~1" 







(O 
Fig. 10. — Sections showing the pro-Glacial valley of the Missouri. A, Old valley of the Missouri, 12 miles wide; a and a* 
represent the exposed sandstone bluffs of the pre-Glacial valley; b is the drift filling. B, Slope of the old valley; & is a 
layer of old river gravels and a the drift deposit; the small diagram to the left shows the relation of the river and 
the exposures. Through these deposits the post-Glacial stream has cut into the underlying rock. C, Present course 
of the MlsHouri, b, «". r, cutting across the pro-Glacial channel at a right angle. 

At the big bend of the Missouri, at the mouth of Little Sandy Creek, there is 
another abnipt change in the character and direction of the valley. The river, 
which has been flowing northeastward, turns abruptly to the southeast. The 
valley narrows, becomes more canyon-like, and loses its drift walls. The bench 
on both sides of the stream slopes to the north while the river flows south. At the 
mouth of Arrow River there is a sudden turn to the east, though the character of 
the valley does not change. The river continues to flow between liigh rock walls, 
with little bottom land, and in a valley which narrows and widens without apparent 
cause. From the mouth of the Musselshell to that of Milk Kiver the valley is narrow, 
with walls 600 to 1,000 feet high. Beyond Milk Kiver it takes on the broad, shallow 
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.1. WATER GAP FORMED BY MISSOURI RIVER. 

Thp wide val ey ha^ bom rtexcavateil from one fiHod with drift. The narrows arv found at « point whore the stream was superimposed on 

The top of a prc-Glacial sandstonv ridge. 
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Stream entered the old valley near the mouth of the Highwood, and it was doubtless 
at tliis point that the falls originated (fig. 11). 




FlQ. 11.— Cross section ahowinj: the drift in the valley through which Highwoo<i Creek now flows. Looking north down- 
stream. 

Into this pre-Glacial valley, situated south of the present stream, flowed 
Belt and Highwood creeks. ^Mien the major stream was diverted to the north 
these streams were obliged to cut through miles of sandstone to find an outlet. 




Fig. 12.— Map showing th*- pre-Glaeial course of the Missouri I etweeu Sand Coulee and the mouth of Highwood Creek, 

The map (fig. 12) shows the relation of these streams to the pre-Glacial Missouri 
and to the present river. 

Into the old valley, now filled with drift, the post-(ilacial stream cut its channel, 
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meeting no more serious obstructions than are usually oncounterod by a super- 
imposed stream. FU^. 13 gives some idea of how the new channel cut across the 
meanders of the old. 

At the mouth of the Little Sandy, the sudden turn to the south, the narrow 
valley with its rock walls, and the great, wide, drift-filled valley stretching off to 
the northeast to the Milk River, all suggest that the river has again been diverted. 
This valley is 35 miles long and is occupied by two streams — the Big Sandy flowing 
north into Milk River and the Little Sandy flowing into the ^Missouri. The two 
streams rise in the same vicinity but are separated from each other by a morainic 
dam that stretches across the valley 8 miles north of the Missouri (fig. 14). 

The tliickness of the drift deposit in Big Sandy Valley is not easy to estimate. 
Near the Missouri, where the river makes its sudden turn, there appears to be 




Fig. 13. — UolAtlous of t he post-GlHcial and pn-rilacial channvlfl <»f the Missouri Iwtwwn mouth of Hlghwood Creek and mouth 

of Little Sandy Creek. 

200 feet of till, l)ut this at lower levels may be talus-covered rock. Forty feet 
above the present l(»vcl of tlie river near Blankenbaker's ranch is a bed of river 
gravels covered by cross-l)edded sand. These gravels are found on the top of the 
sandstone at many other places and consist of smoothed and rounded pebbles of 
both Rocky M<nintain and nortlieastern origin. The thickness of the drift deposit 
in this valley north of the Missouri could not be determined. The Little Sandy 
has cut a channel 60 feet into the drift without reacliing rock. From this point 
to Havre there is no cut of more than 20 feet. 

This valley joins that of Milk River east of Havre. wSouth of the town there 
is a drift fillinir 140 feet thick. The map gives the relations of the present valleys 
to the old vallev (lig. 15). 
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Moraine 



Fio. 14.— ^ap showing outlines of the great pre-OIacial valley between Miasourl and Milk rivers. The map also shows the 

moraine that forced the river south. 




Fio. 15.— Map of the vicinity of Havre, showing the relation of the pre-Olacial Missouri to the valleys of the post-Glacial 

StrCHHlS. 
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The valley of Milk River above its junction with the pre-Glacial valley of the 
Missouri varies in width from one-fourth to one-half mile, but below the junction 
becomes much broader, being 2 to 3 miles* wide. 

South from the turn at the mouth of the Little Sandy the Missouri flows between 
high rock walls. The bottoms are few and small and the current rapid. The 
Arrow, the Judith, the Musselshell, and the Dog are tributaries in this part of its 
course, and each one has been affected by the change in the direction of the trunk 
stream. 

In order to illustrate the conditions under which these various changes took 
place and the reason for each change figs. 16, 17, 18, and 19 have been prepared. 




Fig. Hi.— Map showing prt«-(ilaclal river nystem of northern Montana. 

y\'^. W) illustrates the pre-Glacial drainage system, fig. 19 the post-Glacial system, 
aud i'i'^h. 17 and IK intermediate stages. Fig. 16 is more or less ideal, for, owing 
\o x}ni wj'alhering of the soft sandstone, valley contours have been greatly modified 
by rii*i drift, making difficult the work of restoring the minor drainage lines. 

Tli*' more important changes in drainage caused by the ice sheet appear to be 
fj'/vrjy ^'ofjfH'Cted with the history of the Shonkin Sag, a valley which runs from 
li*'/i;v»*MMl ^*rr'#'k to Arrow River. The sag is in places nearly a mile wide and over 
r//. fw-1 dw'p. It is entirely independent of rock structure and runs across the 
j/f^*^-;,' dmina/e lines at right angles. Another curious feature of its position 
ife •.',*? it it HiifKfrini|K>si»d on the northern slope of the Highwoods. It would be 
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Fio. 17.— Map showing drainage of northern Montana when ice had maximum extent, and also prG-Olacial river aystcm. 



Conrcmpordneoua dr^insfc Orapno^e i^animum ept^h 

L^tcr moraine Terminal moraine 




Fig. is.— Map showlnp dnUnjig*" of northrrn Montana at st^ige of younger nioraia*.'. 
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mouth of the Little Sandy. This moraine was also responsible for the permanent 
diversion of the Missouri to the south at the mouth of Little Sandy Creek. With 
its old channel leading north filled with Glacial ice and drift, the waters found an 
outlet to the south either through a small tributary to the Missouri from the 
south, or through Arrow River, which in pre-Glacial time may have emptied into 
the Missouri at this point. The latter hypothesis appears for many reasons to be 
the true one. The valley of the Arrow enters that of the Missouri at the present 
time in such a manner as to suggest that it once flowed north. Not only does the 
angle at which the two valleys meet suggest tliis, but the tributaries to the Mis- 
souri above the junction of the Arrow indicate that the river formerly flowed north- 
ward. The elevation of the bench near the junction of the two streams is greater 




fio. 'j:i. Mttp Hhcjwiiig in detail how the Minsouri was forced across the valleys of Arrow, Judith, and Musselshell rivers. 

than any portion of the bench to the north. Either the Missouri at tliis point is an 
anti.Cedent stream or the pre-Glacial drainage was through the Arrow north to the 
-\fissouri west of the present mouth of the Little Sandy. 

Tlic waters, finding no outlet south through the Arrow, turned to the east 
and, following a tributary- from that direction, passed over a narrow divide into a 
triliutarj' of the Judith. This was doubtless the course followed l)y the waters 
of the lake that existed while the ice was advancijig from the former mouth of 
the Missouri near Havre until it retreated again beyond Fort Benton. The couise 
for the new stream had already been determined by the drainage from Great Falls 
I^ke. The peculiar course of the Missouri between the mouth of the Arrow and 
lh<f ijiouth of the Judith, as well as the shape of its valley, would seem to favor 
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this conclusion. The map shows the relation betwe-en the tributaries of the Judith 
and the Arrow and the valley of the post-GIacial Missouri (fig. 23). 

During pre-Glacial time the course of the Judith was northward, joining 
the Missouri near the mouth of the pre-Glacial Arrow. Since the Missouri was 
thrown across the Judith at right angles, it has cut 500 feet below the old channel 
of that stream. This is shown by the great valley that stretches away to the north 
500 feet above the level of the Missouri, and by the behavior of the Judith and 
other streams tributary^ to the Missouri at this point. P'ig. 24 shows the relation 
between the slope of the old Judith valley and the present slope. The same con- 
dition exists also in tlie valley of the Dog, though in this case it is even more 
pronounced. 

For 30 miles east of tlie Judith the bench on either side of the Missouri rises 
gradually, then falls again to the east into the Musselshell system. The Dog flows 
westward for 25 miles parallel to the Missouri. The other streams also come in 
at such angles as to lead one to expect them to empty into a river flowing either 
west or north. East of the divide just mentioned, the tributaries again enter the 
main stream, following the usual law. It would appear that w^hat took place west 
of the Judith was repeated east of that stream. The waters flowed eastward 
through a tributary of the Judith over a col into a tributary of the Musselshell. 



Fio. 24.— Longitudinal profiles of Judith River fwid Dog Creek valleys, a, Level of the old valley; b, level of the present 
valley; c, valley of the Missouri. The cutting of the Missouri from a to c, at the mouths of Judith River and Dr>' 
Creek, has caused these tributaries to work back. 

This stream is also supposed to have flowed north through the Great Lonesome 
Prairie Valley, joining the Missouri in the vicinity of Saco. The same process was 
repeated in the valley of the Big Dry. From this point the river again found its 
old channel and flows in a modified pre-Glacial valley eastward for many hundred 
miles. 

On the w^hole the changes in drainage induced by the ice of the Keewatin 
sheet in the area studied were not great. If, as Dawson thinks, an earlier drift 
sheet covered the region, changes in drainage may have been brought about by 
that more far reaching and more profound than those induced by the later ice. 

IXTKRRKT.Ari()X8 OF SI RFA( E FORMATIONS. 

THE QUARTZITE GRAVELS AND THE TWO DRIFT SHEETS. 

The surface formations of the area have been described in detail. It now 
remains to consider their relations to each other. 

The quartzite gravels may be summarily treated. In the area between the 
drifts of the two ice sheets the gravel occurs as a surface formation, lying on 
Cretaceous beds. Near the mountains the gravels are found under the drift of the 
local glaciers. Tliis relation is seen north of the forty-ninth parallel in the vicinity 
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of Duck Lake and on the high ridge north of North Fork of Cutbank Creek. The 
sections show a layer of rounded, weathered, quartzite gravel covered by angular 
striated bowlders, having among them a large proportion of limestone and diorite. 
In sections exposed along the edge of the Keewatin drift sheet the gravels are 
likewise found beneath the till. Their relative positions are shown in fig. 29, page 48. 
The position of the quartzite gravels makes them older than both the mountain 
drift and the northeastern drift. Their age, an interesting question because of 
the conclusions of Dawson upon the subject, will be discussed after the relations 
of the other surface formations have been treated. 
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THE NORTHEASTERN AND THE MOUNTAIN DRIFT SHEETS. 

As already stated, a number of broad valleys have been cut into the Cretaceous 
rock of the plains. Into these valleys glaciers deployed, forming moraines, 
outwash deposits, and valley trains. Into these same valleys from the east came 
the ice from the Keewatin Glacier, which threw moraines 
across the valleys and formed at its edge various extra- 
morainic deposits. It is the relation of such deposits to each 
other in the several river valleys that is now to be considered. 
In Sun River Valley the moraines of the two ice tongues are 
about 60 miles apart. Down the stream for some distance 
from the moraine of the mountain ice extends a valley train. 
In front of the Keew^atin ice sheet there existed in .Sun River 
Valley a large lake, in which lacustrine clay was deposited. 
The relation between these two formations, if they come in 
contact anywhere, would give a clue to the relative age of 
the two ice movements, but, though such a relation doubtless 
exists, it was not seen in any section along Missouri or Sun 
rivers. Similar formations are found in the valleys of Teton 
River and Muddy Creek, but, though a relation between the 
deposits in front of the two ice sheets ought to be made out 
in these valleys, in no section was such a relation shown. 
Gravels are found along these rivers under the lacustrine clay, 
but they are of soft limestone, without glacial marking, and 
whether they belong to the valley train or to fluvial deposits of unknown age was 
not determined. 

In Birch Creek Valley, however, the two moraines are only about 18 miles 
apart. As along Sun River, a glacio-fluvial train extends down the valley of the 
Birch and into this the stream has since cut a narrow channel. At a number of 
places along the creek there are exposures showing a tliickness of from 20 to 30 
feet of these gravels. Although a few of these are striated, the majority have been 
subjected to so much water action that all trace of glaciation has been removed. 
Lying on the gravels, and never in or beneath them, are large crystalline bowlders 
of northeastern origin, which were carried by floating ice on the lake extending 
along the Keewatin ice edge, and which were scattered at irregular intervals over 
the lake bottom. Farther east, nearer the terminal moraine of the Keewatin ice 
sheet, the lacustrine clay appears, also lying on the gravels. Fig. 25 shows the 
relations of the bowlders and the clay to the gravels of the valley train. 



Fio. 25.— Section on Birch 
Creek. \. Valley train 
containing striated lime- 
stone pebbles, 20 feet; B, 
soil; C, gravel made up 
to a large extent of crys- 
talline pebbles. 
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On Birch and Dupuyer creeks and on the tributaries opening into them are 
many sections which show essentially the same order and deposits. In these val- 
leys, then, we may see the relative age of the two drift sheets as shown by the 
deposits formed in front of the ice (fig. 2G). 

In the valley of the Two Medicine also the moraines 
come close together, and here two very interesting and 
comprehensive sections are found within 2 miles of each 
other. The first occurs where the terminal moraine of 
the Blackfoot Glacier is trenched by Two Medicine River 
and the second where a meander of the same river has 
recently undermined a portion of its bank. 

The first section (fig. 27) shows that the ice of the 
Blackfoot Glacier formed its moraine across Two Medi- 
cine River and retreated, and then the northeastern ice 
sheet pushed into the valley and deposited its moraine 
within a mile of the edge of the mountain drift, w^hile in 
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Fio. 26.— 8i%tion near mouth ol Du- 
puyer Creek. A, Sandstone; B, 
valley train from Birch Creek 
Olader; C, laqustrine clay con- 
taining crystalline pebbles; D, 
eolian deposit. 



down above the till from the mountains 

In the second section (fig. 28) the 50 feet of till 
belonging to the Keewatin drift 
sheet lies above a layer of gla(*ial 
gravel of mountain origin, which 
was doubtless deposited at the 
time the valley to the west was 
occupied by the mountain ice. 

Between the till and the valley train two formations 
interv^ene. Resting upon the gravel is a layer of sand 
and clay, part of which w^as deposited by wind and part 
by water, and above this layer a bed of lacustrine clay 
occurs. It would appear that after the deposition of the 
day in the lake along the front of the ice, the ice advanced 
and covered a part of its own lake deposit. In this section 
the till of tlie northeastern drift sheet lies above the de- 
posit formed in front of the Blackfoot Glacier. 

We have seen how the ice in the mountains in St. Mary 

„ _ „ River Valley, after it had crossed Milk River Rid^e from 

Fig. 27.— Section on the Two Medi- , ' \ , , , . . . ^ . 

cine at point where Blackfoot north to south, sprcavi eastward, dcpositmg its moraine 
Glacier crossed it. A, Sandstone, j^j^^^g the north slopc of the ridge. It has also bccu shown 

50 feet; B, till formwi by Black- . ° . . , -r^ • • ? i i i , i i i 

foot Glacier, 15 feet; c, lacustrine (p. 23) how tlic Kecwatm ICC shcct was held back by the 
clay formed in the lake which ex- ^^^^ ^j^i^g ^j^ J deposited its terminal moraine along the 

isted In front of the Keewatin i, i 

ice sheet, 10 feet: D, windblown same north slopC. 

deposit, 5 feet. jj^ ^j^g coulcc in wliich Galbraitli's ranch is located, near 

the ranch, the moraine of the mountain glacier disappears under the drift of the 
northeastern ice sheet. 

Although in general the two drift slieets are quite distinct, the line of demarca- 
tion is not sharply draw^n. The Keewatin drift contains mountain bowlders which 



48 



MONTANA LOBE OF KKEWATIN ICE SHEET. 



.*- ^ «. 



r^ O^ 






^^: 



^ J" 









_fr ^ OV 






were picked up by the ice as it moved westward over the earlier drift sheet. Lying 
upon the drift from the mountain are fragments of crystalline rock from the north- 
east, which were carried out beyond the edge of the eastern drift sheet by floating 
ice. The two drift sheets are not exposed in section in this valley. 

In St. Mary Valley proper the mountain ice pushed much farther north. 
Great argillitic bowlders from the Rockies are found 10 miles north of the forty- 
ninth parallel in such a position that it is evident that 
they were left by mountain ice. Others are found on 
top of St. Mar}' Ridge, at a point where the ice from 
the northeast reached the top of the ridge and mingled its 
bowlders with the mountain drift. Figs. 29 and 30 show 
significant sections along St. Mary River. 

In the valley of Belly River the contact of the two 
drift sheets is seen in section. About 10 miles north of the 
forty-ninth parallel the moraine of the northeastern ice 
sheet crosses Belly River and swings in a northwestern 
direction toward Waterton River. Two hundred yards 
south of the point where the moraine crosses the river, 
and therefore outside of the north- 
eastern drift sheet, the river has 
cut through 'about 60 feet of drift. 
The lower 30 feet consists of a bed 
ot roughly stratified, somewhat 
glaciated mountain g r a v el s . 
Above this is 30 feet of heavy 
bowlder clay. The bowlders are, 
without exception, from the 
mountains, and are ice marked 
to an unusual extent. At the very 
top of the section, lying upon the 
mountain till, but never in it, a 
few crystalline bowlders are found. 
It was over such a till forma- 
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FiQ. 28.— Section on the Two Medi- 
cine 7 miles west of mouth. A, 
Sandstone; B, valley train from 
Blackfoot Glacier, 25 feet; C,eolian 
deposit, 30 feet; D, lacustrine clay, 
30feet; E, northwestern till, 50 feet. 











tion as this that the ice from the ^q- 29.-section on st. Mary 

northeast moved. In most of the 
sections exposed by post-Glacial cutting within the edge of 
the eastern drift the two tills are mixed, showing that the 
later ice handled, to a greater or a less extent, the material 
deposited by the valley glaciers. Only one section, where 
the line between the two bodies of drift was sharply marked, 
was seen, though in many places the plane of division could 
be made out approximately. The drift from the northeast 
contained but few bowlders, while that deposited by the 
mountain i^-e was heavily loaded. In any mixed body of drift, the upper 
part would contain both crystalline and sedimentary' bowlders in small numbers, 
while the heavy bowlder clay at the bottom of the section, though it sometimes 



River, near Sloan's ranch. 
A, Sandstone; B, waterwom, 
nonglaciated gravels; C, gla- 
ciated, angular pebbles from 
the mountains, not waterwom 
to any extent, but apparently 
part of a valley train; D, till 
ol the northeastern ice sheet, 
containing many small crys- 
talline pebbles, but no large 
iKJwlders; B and C grade into 
each other; B is evidently a 
pre-Glacial formation. 



DEDUCTIONS FBOM INTEBRELATIONS. 



49 



contained a few crystalline bowlders, represented the mountain drift sheet, as far 
as it could be made out. The talus alwa3's present along the banks of the streams 
often obscured this indefinite division line. Within the moraine, not far from 
the edge of the drift, the section showTi in fig. 31 is exposed. This section is the 
only one along the banks of Belly River that shows the two 
drift sheets separated from each other by a definite division 
line. 

Thus, in these river valleys, a definite relation has existed 
between the two drift sheets — a relation which warrants the 
conclusion that the Keewatin ice sheet advanced into the 
region after the deposition of the moraines of the mountain 
glaciers. 

DEDUCTIONS FROM INTERRELATIONS. 
AGE OF THE QUARTZrTE GRAVELS. 

As has been shown, the quartzite gravels are foimd on j^ 

the plateaus that mark the earliest level of the plain next the 

mountains, on the slopes that lead to lower erosion plains, on _^ 

the terraces above the present stream fiq. ao.-section on su Mary 
beds, and in the stream channels ^*^*^''' ^^^^ °' sioan's 
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,, , rm A 1 • • ranch. A, Shale; B.north- 

themselves. The topographic pOSl- eastern drift, 2 feet, contain- 

tion of these gravels and their nature ingmanydocompoaedbowi- 

, ,, 7^ ., -, ^ , ders; C, typical loess, 5 feet, 

are such that they could not have contalnIngconcn>tIon8,hard 

shells, and bones of small 
animals; D, soil, 10 feet, of 
black clayey loam, consist- 
ing of the weathered surface 
of the lower loess bed; E, 
loess, 6 feet in thickness, 
sandy at the top; F, north- 
eastern till, containing crys- 
talline bowlders. This sec- 
tion furnishes the only dis- 
covered evidence of two dis- 
tinct glacial epochs. As no 
other section was found 
showing like or similar phe- 
nomena, little stress is laid 
upon this. 



been deposited by the ice which 
formed the existing moraines in the 
present mountain valleys. This is 
seen in their topographic relations, 
in the absence of glacial markings, in 
the absence of limestone and diorite 
bowlders, and in the great weather- 
ing to which they have been sub- 
jected. The till laid down by the 
mountain glaciers contains a large 
percentage of limestone bowlders, 

the glacial markings are distinct, and very little weath- 
Fio. 3i.-section on Belly River ^^ng has taken place. The gravels are found above the 

within the terminal moraine of " i j i xi • • ii 

the Keewatin ice sheet. A, Till ICVel rcacheci by the ICC in the mountain valleys and out- 
formed by Belly River Glacier, gjjg ^^f ^j^^ area covcrcd by the Keewatin ice sheet or by 

containing many bowlders, all , , , , i • r • i. j • V e • m, . 

ofwhicharo smoothed and stri- the hike wiuch existed in front of it. These facts prove 
ated to an unusual degree, 75 ^hat the gravcls antedate the last Glacial epoch. 

feet; B,soil,ofwhich only a small j.- e • ' ^ ^ i 

exposure was seen, which con- i hc qucstion of niost importance is wliether they are 

tained no fossils; c, till forme<i ^p j^j.^ ^ot of glacial orighi. Were tlicy deposited by 

bytheKeewatin ice 8heet,80 foot. .. ^ • i • i i- ^ f.,, . 

earlier mountain glaciers or by an earlier Cordilleran ice 
sheet, or were they formed by streams? Dawson « is of the opinion that they 
are of glacial origin, and calls the formation the Albertan. 



o Dawson, G. M., Glacial deposits of southern Alberta: Bull. Geol. Soc. America vol. 7, pp. 39, 42, 54. 
1280— No. 50— 0<5 1 
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His description is as follows: 

Deposits of coarse gravels, often containing stones up to 6 inches in diameter, all well smoothed and 
waterwom, but often not perfectly rounded. They are generally arranged in rather tumultuous manner — 
that is, not in r^ular lines graded according to size, and with pebbles sometimes standing on end. The stones 
are chiefly Rocky Mountain quartzite, but a considerable number of pebbles of limestone from the same 
source are included. . . . Spme of these gravels are striated. . . . The Saskatchewan gravels of the 
plains represent and gradually pass into a western bowlder clay in approaching the mountains. 

The only bowlder clay seen along the eastern face of the mountains is that 
deposited by recent ice action, and none was found passing into the gravel formation. 
Those who have seen the great moraines and have observed their lakes, the freshness 
of their bowlders, the slight weathering and erosion to which the surface of the 
till has been subjected, and their general look of newness, would call them Wisconsin 
in age rather than Albertan. 

As Dawson suggests, the gravels are older than any Keewatin drift found in 
the region. They are also older than any till deposited by moimtain glaciers, 
and, as will be shown later, older even than the valleys now occupied by Milk 
River, Cutbank Creek, and Two Medicine River. The question of their origin 
is a troublesome one, hut from a careful study of the formation south of the boundary 
line, they are believed to be not of glacial origin, but to have been deposited by 
streams in pre-Glacial time. In support of this interpretation there are the 
following reasons: 

The gravels are waterwom and generally rounded. Their size is uniform 
over a great extent of country, though the pebbles foxmd near the mountains are 
a little larger than those 20 miles out on the plains. From the forty-ninth parallel 
south there is a change in the character and position of these gravels which would 
suggest water deposition, for in each river basin the pebbles are similar to the rock 
exposed along the upper course of that particular river, though the varieties in 
the basins differ from one another. The pebbles, too, are wanting on some of the 
higher divides and buttes. An ice sheet of size sufficient to have covered the 
gravel area would have left a more heterogeneous deposit, and one covering the 
heights. 

On the other hand, there seems to be no reason whatsoever for assuming 
them to be glacial. The question of the origin of these gravels was kept in mind 
during the entire summer, and the area covered by them was carefully worked 
over, but they show no marks of an ice-deposited formation. There are no glacial 
markings of any kind where they have not been affected by the ice of the later 
Glacial epoch. In no case is till associated with the gravel; nor is there ever a 
suggestion of terminal or ground moraine topography, though the gravels are 
found on tops of great plateaus, where any such formation would naturally have 
been preserved. Then, too, in regions where the moraines deposited by mountain 
ice contain limestone and other easily weathered rocks, the gravels are composed 
of only the most durable materials. 

The valleys which have been developed in the drift are small; those which 
have cut into the plain since the gravels were deposited are very large. Two 
Medicine, Milk, and Sun rivers flow at the bottom of valleys which are in places 
500 to 1,200 feet deep and 5 to 10 miles wide. Between these river valleys are 
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flat plains covered wth gravel formation, wide near the mountains, but toward the 
east gradually narrowing to a small ridge, and finally disappearing altogether. 
Where the slope is great the energy of the stream has been spent in downward 
cutting. Farther east, where the slope is less, the river has cut laterally and 
developed ^flood plains at the expense of the divides, which are of approximately 
the same height. There appears to be a slight slope to the southeast, which would 
indicate that the major streams responsible for this base-level flowed in that direc- 
tion. The gravels must have been deposited before these great valleys were cut 
and at the time of the development of this first base-level, otherwise their position 
on isolated points could not be explained. 

The date of the first base-leveling epoch has not been exactly determined. 
It must have occurred after the Cretaceous sea had retired from the region, and 
long enough before Glacial time for the development of the great river valleys 
which trench the western portion of the plains. This may carry it back into the 
Tertiary — perhaps to the end of the Miocene, for there are a few scattered Miocene 
deposits on some of the isolated high points which rise above the Canadian plains. 
This, too, would throw the date of the first base-level back far enough to give 
time for the erosion of the great valleys. If the base-level is referred to the Pliocene, 
it is hardly conceivable that Milk River and Cutbank valleys could have been 
eroded. 

The distribution of the gravels resembles to a remarkable degree the distribution 
of the Lafayette formation in the east, though the relief of the underlying surface 
is much greater here. The various stages in the history of their deposition appears 
to have been as follows: Base-leveling in the later part of the Tertiary removed 
a great part of the Eocene and Miocene beds that are now exposed in a few isolated 
places in Canada and left the Cretaceous rocks exposed over a great plain stretching 
north and south along the face of the mountains. If then the mountains were 
slightly lifted while the plain was not, the streams would have been rejuvenated 
and the carrying out of the mountain material begun. At the foot of the moun- 
tains and at the border of the plain the velocity of the streams was checked and 
the material carried out deposited somewhat evenly over the surface, the coarser 
material near the mountains and the finer farther out. Next followed a rise of 
the whole region and the streams of the new cycles began to cut into the plain 
covered with the gravels from the mountains. As erosion went on, the gravels 
followed the streams both vertically and horizontally, tending all the while to 
become concentrated in the bottoms of the valleys and scattered eastward along 
the banks of the streams. While the gravels were descending from the upper 
plain to the lower terraces, gravels of the same sort were being brought out by 
mountain streams and mingled with those reworked from the older formations. 
At the time of the Glacial epoch the valley trains forming in front of the moraine 
contained not only bowlders marked and polished by the ice but also the gravels 
that had been lowered into the stream beds by lateral erosion and side wash. The 
original formation remains as it was first deposited only upon the old high levels. 
Below these high levels it has been augmented at all stages by the accession of 
material washed out from the mountains by streams of later times. 
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There seems to be one conclusion to be drawn from the nature, character, 
and position of these gravels, and that is that in their original form they are not 
a glacial or fluvial-glacial formation, but are of pre-Glacial age. On the lower 
levels material derived from the older formation is mingled with material carried 
out during and since Glacial time, segregated along the banks of the streams and 
covered by lat^r drift deposits. 

AGE OF THE NORTHEASTERN DRIFT. 

The general opinion among geologists has been that the drift sheet of tliis 
area belonged to one of the earlier epochs of glaciation. Dawson correlates it with 
the **Iowan drift,'' the western extent of the Wisconsin being marked by the Mis- 
souri Coteau. Tyrrell calls it Kansan. On the Glacial map prepared by the United 
States Geological Survey this region is mapped as covered by Kansan drift. ^ The 
Wisconsin drift is represented only east of the Missouri Coteau and north of the 
forty-ninth parallel. In the light of recent studies, this correlation of the drift 
in the area under consideration is no longer tenable. The conclusion is held that 
the drift sheet under consideration was deposited by ice of the Wisconsin and 
probably of the late Wisconsin stage, this hypothesis being based on the newness 
of the region in terms of erosion, the sharply defined character of the terminal 
moraine, and the relation of the drift of the Keewatin sheet to that deposited by 
the mountain glaciers. 

Evidence from erosion, — In order to discuss a question involving so many factors 
as the rate of erosion of a land surface, something besides the amount of weathering 
and trenching which have taken place must be considered. In the Montana region 
the post-Glacial cutting, with the exception of that accomplished by the large super- 
imposed streams, has been slight; the lakes and marshes are still undrained; the 
till is weathered but a short distance from the surface, and the surface bowlders of 
the drift have suffered but little change. 

The erosion along the moraine and the amount of weathering on its surface is 
about the same as that suffered by the drift of the Green Bay lobe in the vicinity 
of Baraboo, Wis. The following table shows the amount of rainfall for the last 
four years at Portage, Wis., and at Kipp, Mont., near the edge of the drift of the 
two regions: 

Rainfall at points in Wisconsin and Montana, 1 896-1899. 



Locality. I 18!)0. I 1897. 1898. 



1800. 



Kipp 2t5.28 22.23 18.2<') 25.61 

2.^.00 I 30.43 



It will be seen from the table that while the average rainfall is greater at Portage 
the difference is not so great as to affect profoundly the amount of erosion. A 
factor favoring erosion at Kipp as compared with that at Portage is the concen- 
tration of rainfall at the former place. Other conditions being equal, a great amount 

a Levorctt, Frank, The Illinois glacial lobe: Men. U. S. Geol. Survey, vol. 38, 1880, PI. 1. Upham, Warren, The Glacial 
Lake Agasslz: Mon. U. S. Geol. Survey, vol. 25, 1805, PI. XVI. 
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of rainfall during a single shower will occasion greater erosion than the same amount 
distributed through a longer interval. From personal observation in both regions 
it may be said that the amount of water falling in the course of a few hours is much 
greater in Montana than in Wisconsin. Wlien the amount of post-Glacial erosion 
and the number of undrained lakes and depressions are taken into account, the 
Montana drift edge appears as young as that in Wisconsin. The conditions for 
erosion are different in the two regions, but the difference has not favored either 
place in the final results. 

The amount of weathering suffered by the bowlders and the upper surface 
of the drift is less in the Montana region than in Wisconsin. In Wisconsin the drift 
IS leached of its soluble materials to a depth of from 2 to 3 feet. In Montana the 
average depth of the weathered zone is rather less. The bowlders in the former 
drift sheet are decomposed, in some cases, so badly that a blow of the hammer will 
shatter a granite bowlder a foot in diameter, while the bowlders in the drift of the 
western area are not decomposed to a great extent. On the other hand, mechanical 
agents of weathering, such as wind erosion (PI. VII, 5, p. 36) and the sudden changes 
of temperature, are active. On taking these various factors of erosion and weather- 
ing into consideration, it is thought that the age of the Montana drift can not be 
greater than that of Wisconsin. 

Evidence from the topography of terminal moraine. — The edge of the Kansan 
drift sheet is generally attenuated. It is somewhat thickened in places and occa- 
sionally ridged, but is not usually marked by a definite terminal moraine. The 
edge of the lowan formation is better marked, though in no place is it known to 
form a continuous or conspicuous ridge. The ice of the Wisconsin sheet alone 
appears to have produced the great terminal ridges which cover the country. In 
Dakota Prof. James E. Todd has described a series of these moraines which corre- 
spond roughly with the series found in Montana. The Dakota moraines are of Wis- 
consin age, and when these have been traced westward it may be found that they 
join those in Montana.. If sharp terminal topography counts for anything in the 
classification of drift sheets, the Montana moraine is of Wisconsin age. 

Evidence from relations of the two drift sheets. — As has been shown, the Keewatin 
drift of this region is, at its edge at least, younger than the drift of the mountain 
glaciers. If any data could be obtained that would throw light upon the age of 
the latter, the relative age of the former might be assumed. Very little has been 
written concerning the age of the mountain drift, but the main portion has usually 
been assumed to belong to a late stage of the Glacial epoch. It is so mapped on 
the two plates to which reference has been made (p. 52, footnote). The drift 
deposits of Colorado, Wyoming, California, Utah, and Washington are supposed to 
be the work of glaciers belonging to a late epoch, the Wisconsin. 

The moraines of Montana appear as young as those of these other States. Their 
fresh moraine topography, their lakes, and the little erosion to which they have 
been subjected all stamp them as young formations. In the mountain canyons the 
exposed rocks in situ still bear marks of the glaciers in the form of polishings, stri- 
ations, and grooves. No long interval of time could have intervened since the last 
advance of the ice without the destruction of all marks of glacial action by weather- 



54 MONTANA LOBE OF KEEWATIN ICE SHEET. 

ing. Especially this would be tnie in a region where the work of the wind and sud- 
den changes of temperature are ever active. 

Granting that the mountain ice is of Wisconsin age, the Keewatin drift sheet 
must belong to the same Glacial epoch. The length of time that existed between 
the deposition of the till from the mountains and that laid down by the Keewatin 
sheet can not be told definitely by any field observations. The amount of erosion 
to which the two drift sheets have been subjected is the same so far as field studies 
show. The agents of weathering have attacked the surface of the till and the bowl- 
ders to about the same extent in each drift sheet. TMiere the two sheets of drift 
are found side by side, as in the St. Marj- basin, it would be difficult to tell their 
relative ages from any topographic feature. 

The ice from the mountains and from the Keewatin centers may have been 
formed by the same climatic episode. The ice in the mountain valleys may have 
pushed out upon the plain, deposited its moraines, and then, not being of large extent 
and hence being easily and quickly affected by climatic changes, may have withdrawn 
promptly at the beginning of adverse climatic conditions. The continental ice 
sheet, on the other hand, with its vast dimensions and its center far to the north, 
may have continued to push outward for some time after adverse conditions on its 
extreme southwestern border had set in, and hence may have invaded the area of 
the more local drift after the mountain glaciers retired. The general conclusion 
is that the two drift sheets were formed during the same ice epoch, and that where 
they overlap they were deposited within a short period of each other. 

THE DRIFT OUTSIDE OF THE TERMINAL MORAINE. 

Beyond the terminal moraine the glacial deposits are of two kinds — scattered 
bowlders with till, or a thin till sheet, grading at the edge into a bowldery area. 
The edge of this till sheet is in some places marked by a slight ridge that resembles 
a terminal moraine in a feeble state of development. More often there is no defi- 
nite ridge, but a rolling country, covered with shallow lakes and lake basins, which 
frequently gives place to a simple thinning out of the till sheet, with no evidence of 
either a terminal ridge or of ground-moraine topography. 

The bowlders are scattered over areas that were once covered by Glacial lakes. 
These lakes have already been described as existing along the western margin of 
the ice edge in two separate basins, and also south of the ice sheet in the valley of 
the Missouri. That these bowlders were deposited in lakes is evident from the fact 
that in each small valley tributary' to the main basin the bowlders are found at the 
same general level above the river. In many cases the level of the old lake may be 
followed for miles around the head of a valley, every few rods being marked by a 
deposit of one or more bowlders of northeastern origin. The bowlders are most 
numerous along the shores of the lake, where floating ice grounded. Over the bot- 
tom of the valley such deposits are fewer tind more scattered. Near the border of 
the lake an ice floe or iceberg carrying morainic material would strike the shore 
and remain there until it was entirely melted, leaving its deposit in a small heap 
near the old shore line. In some of the smaller valleys, distant from the ice edge, 
instead of a regular line of bowlders two or three small bowlder piles were found. 
Over the bottom of the lake there are few such piles, the material having appar- 
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ently been dropped a little at a time as the ice drifted over the surface. The 
bowlders are more numerous on the eastern valley slope than on the western, 
and decrease in number wnth increase of distance from the ice edge. Around the 
inlet of these lakes, where the currents made by the entering rivers were strong, 
few or no bowlders are found. They are most numerous along the outlet. 

The thin sheet of djift is present at various places along the ice edge. In the 
vicinity of Great Falls there is a large area of the deposit, which grades into the 
bowlder belt. North of the Ilighwoods the same formation is found. In the val- 
ley of the Musselshell and on the north bank of the Missouri opposite the mouth of 
the former river, a formation occurs which may have been deposited either by ice 
or by water. The edge of this deposit has not been completely mapped, and suffi- 
cient field work has not been done to determine its nature. On the map the edge 
that has been traced is marked by a full line, while the dotted line marks the sup- 
posed position of the part not yet surveyed. 

The fact that there is such a border of drift without the terminal moraine sug- 
gests two different ice epochs, but yery little w^as found in the field to support this 
theor}\ 

The material of the ground moraine w^ithin the terminal moraine does not differ 
essentially from the material in the till sheet which borders it. The bowlders are 
of the same variety, and exist in the same proportion. A limestone is equally 
abundant and equally weathered on both sheets. No embedded soil or other evi- 
dence of interglacial phenomena is found, although unusual opportunity was offered 
both for its preservation and its discovery. The till in many places rests upon a 
bed of pre-Glacial gravels in such a way that not a stone seems to have been dis- 
turbed or removed by the ice. Certainly ice that passed so lightly over a gravel 
surface would not destroy evidence of old soil or other indications of an interglacial 
period. 

Excellent opportunities were offered for studying sections of the drift at and 
within the terminal moraine. The Missouri has exposed sections of the drift 200 
feet thick. The Great Northern cut-off near Fort Benton has exposed sections 
that clearly show drift from bed rock to the top of a 250-foot exposure, but in no 
section was there any suggestion of an interglacial period. 

The evidence in favor of the existence of two distinct till sheets is also not 
convincing. The relation of the terminal moraine to the border of the thin drift is 
such as to suggest the pushing in of the ice after the deposit of the first sheet. In 
other words, the moraine appears to be later rather than recessional. This rela- 
tion is shown on the map (p. 30). If the moraines were recessional, one w^ould ex- 
pect a thin border fronting the moraine at all points instead of occurring only here 
and there along the edge. The fact that there is more erosion in the thin than in 
the thicker drift ought to be indicative of their respective ages. Along the Mis- 
souri, betw^een the mouth of the Ilighwood and the mouth of Little Sandy, 27 cou- 
lees of size large enough to be mapped are found. Seven of these come in from the 
north, or from the area of the thick drift, and 20 from the south, or from the area 
of the thin drift sheet. It is probable, though, that the greater amount of erosion 
in this area may be accounted for by the fact that there is greater drainage from 
this direction on account of the presence of the mountains south of the drift border. 
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SUMMARY. 

The Keewatin ice sheet covered the northern part of Montana east of the Rocky- 
Mountains and extended south to the Highwood Mountains and into the valley 
of Musselshell River. The point where the meridian 113° 15' crosses the forty- 
ninth parallel marked its westernmost extent in the United States. North of the 
boundary line, in Alberta, the drift is found still farther west. Its southern edge 
was lobate in form, the lobation being due to the presence of the Highwood, Bear- 
paw, and Little Rocky mountains, which retarded the forward progress of the ice 
while the great valleys between them allowed it to move farther south. 

The Sweetgrass Hills, just south of the Canadian line and about 80 miles back 
from the edge of the ice, were not covered, but stood as three great nunataks, the 
highest reaching 2,000 feet above the ice surface. 

From data gathered here and at the edge of the drift, it was found that the 
average slope of the glacier must have been about 50 feet per mile. Wherever, 
along the sides of various valleys, measurements could be taken, it was found that 
the slopes of the surface had been slight. 

Along the Rocky Mountains glaciers issued from the valleys and deployed 
upon the plain to the east. The moraines of 14 of these glaciers were traced and 
mapped. In a number of cases, the ice from several mountain valleys had united 
and formed piedmont glaciers. The ice from a single mountain valley seldom 
reached far out on the plain, but the piedmont glaciers extended many miles from 
the foot of the mountains. This was especially true of the Blackfoot Glacier, 
formed by the union of the Two Medicine, Birch Creek, Blacktail, and Whitetail 
glaciers. This sheet of ice extended 35 miles from the foot of the mountains, 
measuring in its widest part over 30 miles. Each glacier deposited at its edge a 
very well defined moraine, characterized in general by bowlders peculiar to the 
mountain valley from which the ice issued. These moraines were in places 200 
feet high and often a mile or more wide. 

The basins of four large rivers — the St. Mary, Two Medicine, Teton, and Mis- 
souri — were dammed by the ice and the drift of the Keewatin ice sheet. The result 
was the formation of extensive lakes in the river basins west of the ice. These 
lakes can be divided into two classes — those formed in front of the ice itself and 
those formed in front of the drift dam. The former were large and existed only 
while the ice was present. The latter were more restricted in size but were more 
permanent, remaining until the drift dam had been cut through. The deposits made 
by the first lakes consisted largely of bowlders carried out by floating ice. The 
deposits in the smaller and later lakes were clays and gravels brought in by the 
rivers. The largest of these bodies of water was caused by the damming of the 
Missouri. 

Just south of the forty-ninth parallel, between the meridians 113° 10' and 
113° 15', the till of the Keewatin ice sheet and that of the mountain glaciers overlap. 
At no other point south of the boundary line did ice from opposite directions occupy 
the same territory, but in Two Medicine Valley the ice from the east advanced to 
within 2 miles of the position occupied by the ice from the mountains. 

The Keewatin sheet reached its most advanced position after the valley glaciers 
from the west had retreated, for the drift of the former overlies the drift of the 



SUMMARY. 57 

latter at various points both north and south of the national boundary. In some 
cases the till from the northeast overlies the till of the mountain glaciers. This 
is true in the St. Mary Valley, as mentioned above, and also in the valleys of St.Mary 
River, Belly River, and Lees Creek. In other places till from the east overlies 
fluviatile deposits that are connected with the western drift, but extend down the 
valleys several miles beyond the ends of the mountain glaciers. Again, we find 
that lake and berg deposits, having their sources in the northeastern ice, overlie the 
till left at an earlier time by the mountain glaciers. 

It is believed at the present time that as many as five separate ice sheets cov- 
ered the northern part of the United States. These, named in chronologic order, 
are as follows: (1) Sub-Aftonian, (2) Kansan, (3) Illinoian, (4) lowan, (5) Wisconsin. 
The drift deposits formed by the mountain glaciers belong to a late epoch. They 
are certainly not earlier than the lowan and are probably as recent as the Wisconsin. 
So far as can be shown by the evidence gathered, no great period of time elapsed 
between the deposition of the Rocky Mountain drift and the deposition of the 
Keewatin drift. Beyond the edge of the Wisconsin drift sheet is one somewhat 
older, though the data obtained in the region covered were not sufficient to deter- 
mine its age. 

In the region between the two drift deposits, there is, on the high divides 
between the rivers, on the terraces along the flood plains, and in the stream beds, 
a curious formation which has been called the quartzite gravels. They are com- 
posed of resistant quartzite and slate and contain no limestone or other less durable 
rock. Though waterwom, they show no signs of glaciation. From their topographic 
position and from their character it was concluded that they were deposited by 
streams flowing over a flat plain. This deposit occurred along the eastern front 
ol the mountains and extended out from them many miles. Subsequently the land 
was raised, great valleys were cut into the old base-level, and the quartzite gravels 
were lowered upon the terraces and scattered still farther eastward along the 
courses of the revived rivers. The base-level probably occurred in the latter 
part of the Tertiary, and the gravels date from that time. When the Keewatin ice 
advanced into the region, many of these gravels were picked up, glaciated, and 
deposited in the under portion of the drift sheet. They are undoubtedly the 
Saskatchewan gravels of the Canadian geologists, by whom, because of their weath- 
ered appearance, their glacial markings, and their position at the bottom of a young 
drift sheet, they were classed as an earlier glacial deposit — the Albertan. It seems 
necessary now to reject the Albertan, and to class these gravels not as an old glacial 
deposit, but simply as old river gravels incorporated in a later drift. 

As a result of the deposition of drift of the mountain glaciers, there were minor 
changes in drainage. Streams were shifted from one side of the valley to the other 
and their slope was modified. More marked were the changes effected by the 
Keewatin ice. The Shonkin Sag was developed by ponded glacial waters. The 
Teton River was shifted from its old valley into the valley of the Missouri and minor 
changes were produced in the courses of Two Medicine River, Birch Creek, Cutbank 
Creek, and St. Mary River. Missouri River was turned from its course at a number 
of places, causing the falls in the river near the city of Great Falls and the rapids 
and narrows in other parts of its course. This ice sheet also undoubtedly turned 
the Missouri from a northern course and made it tributary to the Mississippi River. 
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